BEST AVAILABLE COPY 



to 
o 

Q. 
UJ 



(19) 



(12) 



JEuxoptt 
Offl eei 



EuropaUches Paten tamt 
European Patent Office 

uropeen dee brevet 



(43) Data ol publication: 

10.01.1BB6 Bulletin 1996/W 

. (21) Application number 05303147.3 

(22) Date of filing: 10.06.105 



(id EP 0691 660 A1 

EUROPEAN PATENT APPLICATION 

(51) mi CIA H01B 1/22, C09J 7/02 



(84) Desisted Contracting States: 


(72) Inventors: 


OE FB OS HL 


• Goto, Yaauahl 




Nunogawa, »lmodate-ehl (JP) 


(30) Priority: 10.06.1004 JP 06336/94 


• Tsukagoshl, (too 


10X6.1094 JP 60337/04 


Shtmodate«hl(JP) 


10.05.1994 JP 66336/94 


' • Ohta, Tomohlea 


02.09.1694 JP 209714/94 


ShtmoUuge-gun, ToehlgMcon (JP) 


(71) Applicant Hitachi Chemical Co., Ltd. 


(74) Representative: Marshall, Monica Anne 


Shinjuku-ku, Tokyo 160 (JP) 


London WC1R6LX(GB) 



(54) Anlootroplcally electroconductlve reeln film 



(57) AnisotropicaHy elactroconductlve resin fQm ma- 
terial, produced by adhering electroconductrve particlas 
to an adhering layer formed on aeupporl and fbdng there* 
In. and Introducing a film-forming resin ^compatible with 
the adhering materia! between the electroconductrve 
particles, has electraconductivlly only In the film thick- 



nose direction via the electroconductlve particles uni- 
formly dispersed In the plane direction, and le suitable 
for electrically connecting oppositely placed circuits and 
fine electrode? of a plummy of electronic parts, and for 



testing electronic parte. 



Pitaadb, Jm pm u tm fi*ta*-o«a nasi mas 



EP 0 601 660 At 



Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an anisotropfcaljy electrcccnductrve resin fibn having electroconducttvity in the 
thickness direction alone via the eiectroconductive particles dispersed In the film, fifen-Dka material, a process for elec- 
trically connecting circuits and a connected structure using said film, and an electronic pan tasting process using trie 
connected structure. 

Miniaturization of electronic parts has entailed higher density and higher fineness ol the drcufe used therein. As 
n? the conventional sotdar or rubber connectors can hardly meet the connecting specifications of these fine circuits, ani- 
sotropically eiectroconductive adhesive* or connecting means made oi a film are popularly used recently. In these meth- 
ods, a layer of electrical connecting means made of an insulating resin containing a specified amount of an eiectrocon- 
ductive materia) is Disposed between (he opposing circuits and pressed, with heating H necessary to set up electrical 
connection between the upper and tower drcutte as waD as electrical Insulation between the adjoining circuits. It la also 
it common practice to use Insulating resin as an adhesive tor making electrical connection between the opposing circuits 
and fcong thereof. 

Prior art literature relating to anJaotropfcaily eiectroconductive resin films having electroconductMty In the thickness 
direction alone ndudes Japanese Patent Unexamined Publication (JP-A) 51-21192 which discloses a process for pro- 
ducing said type of resin film according to which a mixture of electroconducuve particles and a nonconducuve base resin 

20 which keeps said pan Ides uncontacted with each other is molded into a sheet having a thickness substantially equal 
to the size of the particles to provide a sheet-like product having etedroconductivfty In the thickness direction alone, and 
Japanese Patent Post-Exam Publication (JP-B) 59*31150 which discloses a sheet-like one-piece electrical connector 
comprising e homogeneous mature of eiectroconductive particles (0.05-20 vol%) and a flexible insulating binder. In 
these prior an disclosures, a molding of a ream film materia! having a desired thickness la obtained by rolling a mbcture 

X of a resin and electroconductKre particles homogeneously dispersed therein, or by casting a liquid resin having electro- 
conducuve particles homogeneously dispersed therein to a desired thickness by a bar coaler or other suitable means 
and then drying or curing the casting. 

For obtaining a film in which the concentration of eiectroconductive particles differs from one direction to the other, 
that Is, the film thickness direction, there are known a method in which eiectroconductive particles are contained in a 

so porous film and than said fHm and eiectroconductive particles are bonded end tod (Japanese UtiDty Model Unexampled 
Publication (JUM-A) 6i-t964i3), and a method In which eleorooonductlve particles are embedded In an adhesive film 
(JP-A-2-117980 and JP-A-6-67480). 

When obtaining circuit connection by disposing en anisotropically eiectroconductive fDm having electrooonductivity 
in the thickness direction alone between the circuits end pressing them Into a contacted state, it is effective to have the 

SB Individual electtooonductive particles aapoaed on both sides of the film for reducing connection resistance. As means 
for exposing the eiectroconductive particles on both sides of the film, besides those disclosed in the above-mentioned 
patents, methods are known In which the film Is rolled (JP-A-61-23507 and JP-A^M&aaiB), or roiling and sputter 
etching ere used in combination (JP-A-61-200616). Methods are also usable in which electroconductNe particles are 
contained in a porous film and said film and etectroconduct to particles are bonded and fixed (JP-A-5-74512). or elec- 

40 trocar ductrve part id qs are held between a pair of flat plates and then a 6quld resin b filled between said plates and 
motded into a film (JP-A- 2-230578). In other known methods, the surface layers of filrrrtorrning resin on both sides of 
the film are removed by dissolution or decomposition with a solvent, or by physical means such as sputter etching, 
plasma etching or exclmer laser Irradiation. 

In these anisotropic conductive resin films having electroconducuvity h the thickness direction alone, in order to 

<5 obtain higher resolution by increasing the eiectroconductive points per unit area, It Is necessary to increase the content 
of elearoconductlve particles In the film. In me functional test before mounting the electronic parts such as liquid crystal 
displays (LCD), tape automated bonding (TAB) integrated circuits, bare chip integrated circuits and the tike, connection 
of fine electrodes has been made by use of a pin probe, a device by which a needle-like electrode Is pressed Into contact 
with the corresponding electrode ol the electronic part to be tasted. 

so Connection mechanisms such as shown In the following prior an literature have also been proposed. In the con- 
nection mechanism disclosed in JUM-A-53-1 56569. JP-A-5467672. etc an anisotropically eiectroconductive rubber 
sheet is sandwiched between the electrode section of an electronic part to be tested end en testing substrate for making 
electrical connection. Said anisotroplceDy electroconducuve rubber sheet comprises laminations ol eiectroconductive 
rubber and Insulating rubber. In which eledroconducUve particles are uniformly dispersed or eiedro-conductive short 

6 fft> re are contained with orientation in the thickness direction of the insulting rubber sheet In the connection system 
disci sed in JP-A-3-183974, elect rocondudrv particles ere localized at the positions corresp nding to the electrodes 
for the purpose of Improving fineness of said entsotroplcaOy electroconducuV rubber sheet According to the tectrical 
connecting method propos d h JP-A-5M55769 and JUM-A- 5 M 62967. rh conductive pan m farmed on a flexible 
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(itmssdrallycontectBdwhhtheelw^aeectiw ftheeledrcnr parttobetest d In the connection system disdos d 
in JP-A«6l-2338. JP-A-1 -128381 , JP-B-2-44747, JP-B-3-223S7, etc, an electrcoonducuv protuberance is provided on 
the conductive pattern and this protuberance Is (flrectlyc ntacted with the electrode section of the eJectronfcpart Further, 
JUM-A-S-18031 proposes a conn action mechanism In which an anisotropcaBy eiadroccnductive film having a protu- 
berant electrode extending thr ugh an insulating polymer fflm is disposed between the part to be tested and a testing 
primed substrate. The prior art devices such as mentioned above, however, have their own problems. For Instance, 
Becoming to the film molding method comprising casting a homogeneous mixture ol a Rqutd rosin and electroconductJve 
particles, when it is tried to increase the mixing ratio of the electroconductive particles in correspondence to high fineness 
ol electrode, the viscosity of the liquid resin having the electroconductive parti das dispersed therein elevates to Impair 
fluidity of the Qquld resin, making It difficult to perform ccTtstanWhlcknasa casting by a bar coaler or such moans. This 
necessitates a decrease of the mixing ratio of etectroconducuVe particles. Further, In the case of the film having etec* 
tioconducuVe particles uniformly dispersed therein, when the m faring ratio of electroconducthre particles b Increased h 
conformity to high-fineness circuits, there is also inevitably increased the amount d those electroconductive particles 
which are not held between the connected circuits and make no contribution to electrical conduction, giving rise to the 
problem ol elevated production cost Also, in the method in which electroconducuve particles are contained in a porous 
film and then said film and electroconductive particles are bonded and fixed, it is tmoracticaJ in terms of productivity and 
cost to form a large number of minute holes In the fOm. In the method tn which the eledroconduetkre particles are 
embedded in an adhesive film, the adhesive wont be wetted sufficiently on the eJectrcmducUve particle surfaces unless 
the viscosity of the adhesive is sufficiently low to preserve the desired liquid slate, and consequently adhesiveness of 
the filmy adhesive to the electroconductive particles is lowered, making the eiectrocondueth/e particles Sable to fall off 
the filmtocaseofuslnget^utdfilmy resin, lib unavoidable that tie adiesfee^ 

the electroconductive particles held on a support to the liquid adhesive surface, making it difficult to moid a film. When 
the content of eledroconductive particles is increased, It becomes difficult to rightly fill the adhesive in the spaces between 
the electroconductive particles, so that ft Is required to strictly regulate the relation between the filled amount ol electro* 
conductive particles and the thickness of filmy adhesive before fitting of dsctroconductrva particles. It should be further 
note* that when the thickness of filmy adhesive is large, sticking of the adhesive to the support is unavoidable and whan 
the thickness is small, the desired film strength may not be obtained or the particles may tall off the film. 

In the conventional method of exposing electroconductive particles on both aides of the film by means of rolling, (I 
fa difficult to uniform V reduce the film thickness to the order of several ten microns by reducing the size of electrooorv 
ductrve particles in conformity to the high-fineness electrodes, and variation h size of electroconductive particles causes 
oorrespondong scatter of film thickness. 

In the method of forming a film by casting a homogeneous mixture of a liquid resin and electroconductive particles, 
when the casting- thickness is enlarged for increasing the fill of particles In the lower layer of the resin film molding by 
sedimentation of electroconductive particles, there b inevitably constituted a multilayer structure of electroconductive 
particles, and as a result, the particles which take no part in making the film electroconductive in the thickness direction 
are increased Also, in this method, the resin layer which must be removed later Is thick, making it djmcuft to uniformly 
expose the particles on the film surface. 

In the film forming method in which a Qquld resin is flDed between a pair of flat plates with electroconductive particles 
held therebetween, the viscosity of the liquid resin must be extremely tow for fiUhg the resin In a small gap of plates, 
and variation in 6ize of elsctrceanductrve particles may cause flowing out of eledrocflnductive particles. In case of 
exposing etactfocanducove pallidas en the film surface by deserving away the resin on the particle surfaces with a 
solvent, the solution of the dissolved film-forming resin adheres to the film surface and, when dried forms a thin film on 
the particle surface to Impair electrical connection. Abo, since the thickness of fitm4orrnlng resin must be strictly con- 
trolled by treating time or treating temperature, scatter of thickness from tot to lot or scatter of partial thickness of the 
- film tends to occur. 

In me method In which the fCrn-formlng rash Is decomposed wtm a solvent, the film-forming resins decomposable 
with a solvent and the solvents usable therefor are restricted and care is required in treatment when using an acidic or 
alkaline solvent In this case, too, me thickness ol film-forming resin needs to be strictly controlled by treating time or 
treating temperature, so that there tends to arise scatter of thiclmau from tat 

In the method comprising physical removal of resin by means of sputter etching, plasma etching or exdmer laser 
Irradiation, the apparatus is expensive, the treating time is long because of batch process, resulting In an elevated 
production cost, and this method can hardly be applied to a production process for massive products. 

According to any of the conventional methods such as described above, care must be taken for correct removal of 
the desired thickness of film-forming resin In the step of exposing etactrooonducttve particles, and It Is very difficult to 
expose electroconductive particles by controlling the resin removal rale on both sides of the film The object can hardly 
be accomplished unless at least the etectrcoonduetive particles are distributed in the same plane. 

In the connect con of fine electrodes h a functional test before mounting electronic parts such as LCD, TAB integrated 
circuits: bare chip integrated circuits, etc, there have been the problems such as inabifiry of prior art to adapt itself to 
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hloji finan 68 of I ctrodas, high cost, and poor electrical connection dua to inability to absorb difference in height of 
electrode*. Specifically, In the connection mechanism using probes, since probes must b press<omacted with the 
respective electrodes, such probes ere required to be fine in structure In corresp ndence to high fineness of the elec- 
trodes used, so thai high-degree techniques are required for pr during th probes. Also, it is n t easy to arrange a 

s plurafty of probes in alignment with electrodes and this leads to an increased production cost The method uahg an 
anbotrcpbaliy eleetroconducUve rubber sheet was also Incapable of adapting Itself to the mechanism InvoMng high-fine- 
ness electrode and had the problems such as tnabflty to retain tnsutoUon between adjoining electrodes end high con- 
nection resistance. In the case of an aniaotroplcalfy etectroconducuVe rubber sheet in which electrooonducUve particles 
are localized at the position corresponding to the electrodes, the electrode surface may be contaminated with organic 

10 matter, end in case an oxide layer Is provided. It Is herd to remove the surface Insulating layer and me connection 
resistance Is higfi 

In the case of the connecting system in which b conductive pattern formed on a flexible film b directly contacted 
with (he electrode section of an electronic part to be tested, or h the case of the connecting mechanism in which an 
anlsctropfcalr/eleetrooonductrvefitm having protuberant efactrodss extending through an Insulating polymer fl hi (s held 
betweentr»parttobete6tedandaprintedeubst^ 

are made of a metal such as copper or gold and limited In amount of elastic deformation, variation in height of electrodes 
of the part to be tested must be compensated by bending deformation dua to flaxfcDty of the connected substrate end 
flexibility of the film substrate, and when this variation le large, the connecting performance lowers, fn the ordinary printed 
wiring boards or Integrated circuits, since solder resist or insulating protective film m present between the electrodes, 
ao the electrodes are In most cases positioned lower than said resist or protective film surface, so that the position of 
protuberant electrode la ttmrted to the defined area 

SUMMARY OF THE INVENTION 

2S the present Invention has been made to overcome fte prior art problems such aa mentioned above, and ft has for 
its object to provide a novel process for producing an anisotropicaliy elactroconductive resm film adhesive capable of 
forming electrical connection even with minute electrodes, a connecting method using said resm film adhesive, and a 
novel connected structure capable of making reliable tow-resistance electrical connection even with minute electrodes. 
The present hvention provided 3 process for producing an anisotropicaDy etecboconductive resin film which corn- 

so prises the steps of sucking electroconducttVe particles to a sticking layer and fling a fOntf orrrting resin which Is incom- 
patible with the sticking material among the elsctreeonduclrve part ides, characterized in that the resulting eJectrocon- 
ductive resin fifrn has electrooon ductMty only In the film thickness direction via the elactroconductive particles uniformly 
dispersed In the plane olrecuon, and is able to be used lor obtaining electrical connection of oppositely placed fine 
electrodes of a plurality of electronic parts. 

3S The present Invention also provides a process for electrically connecting circuits, which comprises placing said 
anisotropicaliy etectfoconductive resin film between circuits placed oppositely, and heating the anisotropicaliy electro- 
oonductive resin film from a emaiier concentmtbn sided electroconducttVe parlte 

The present invention further provides a tine electrode connected structure obtained by placing oppositely fas 
electrodes of a plurality of electronic parts on the substantially same plena, and sandwiching between said oppositely 

40 placed electrodes said anisotropicaUy etectroconductive film having electroconducuvity only in the thickness direction 
via the eledroconductive particles having elasticity exposed to the air on front and rear aides of said film to provide 
electrical connectloa 

The present Invention also provides a process for using said fine electrode connected structure for testing display 
of a liquid crystal display, operation of an element constftuilng the Gquid crystal display, a bare chip integrated circuit or 
<* a TAB irtesraieddrcuit, or electron 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 A-1R are schematic s actional views illustrating a production process of an anisotropicaliy etectroconductive 
so resin film according to the present Invention and a mode d connection using said resin firm. 

FIGS. 2A-2L are schematic sectional views illustrating a production process of an antsotropicaJiy etectroconductive 
resin film according to the prior art and a mode of connection using said resin film. 

FIGS. 3A-3F, FIGS. 4A-4G end FIGS. 5A-5G are schematic sectional views Illustrating the production processes 
of anisotropicaliy elactroconductive resin films according to the present invention end the modes of connection using 
ss said resin films, said processes being shown stepwise. 
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0ESCWFT1ON OF THE PREFERRED EMBODIMENTS 

The present tnv rtfon comprehends the foQowfng mbccfimenta 

(1) A process tor producing an anlsctropfcally electroconductive resin film havtng etedroc reluctivity only In th 
thickness direction via the electroconducUve panicles uniformly dispersed In the plane direction and used for the 
purpose of obtaining electrical connection between the oppositely placed electrodes of e plurality of electronic parts 
having fine electrodes, which comprises the steps of sttcting dectfocenducuve particles to a efcting layer on a 
support and fixing therein, and filling a film-faming resin which Is Incompatible wfth the sticking material among the 
electroconductke particles. 

(2) A process set forth in (1 ) above, wherein the fttm-f orming resin to an insulating adhesive. 

(3) A process set forth In (1) or (2) above, wherein the obtained anteotroplcally electroconductlve resin film has 
eleetnoconducUviry only In the thickness direction via the etectroconducuVe particles exposed to the air on front and 
rear surfaces of said film. 

(4) A process set forth in any of (1 ) to (3) above, wherein the electroconductive partictee are slicked and fixed on 
the sticking layer in the holes of a film or a net previously placed on the sticking layer. 

(5) A process set forth In (4) above* wherein In the obtained enisotroplcalry electroconductive resin film, the alec- 
trcoonductive particles are arranged in a grid or zigzag pattern in the plane by means of a film or net having the 
holes arranged in a grid or zigzag pattern In the plane. 

(6) A process set forth In any of (3) to (5) above, wherein the sticking layer and the support thereof ere Oghl trans- 
missible and the film^orming resin is a phoUxurable rash, which is cured by exposing to light from the Deft trans- 
missible sticking layer side. 

(7) A process set forth in any of (1 ) to (6) above, comprising a step of forming a layer of electroconductive particles 
having a thickness larger than the particle size of the electroconductive particles on the sticking layer, and pressing 
the electroconductive particle layer against the stiexentng layer so as to bury the electroconductive partictea to the 
depth of a half or less of the particle size of the electroconductive particles. 

(8) A process set forth in any of (1 ) to (7) above, wherein the eledroconducuve particles and the sticking material, 
or the electroconductive particles arid the porous film or net are electrostatically charged wfth different electric 
charges to form an electroconductwe particle tayer by dispersing the electroconductive particles on the sticking 
layer by electrostatic force. 

(9) A process set forth In any of (1) to (8) above, wherein the electroconductive particles are covered wfth an elec- 
trically insulating tayer removable with heating or pressing. 

(10) A process set forth In any of (3) to (9) above, wherein the electroconductrva pallidas are previously covered 
with an electrically Insulating tayer and the electrically insulating tayer exposed on the front end rear sides of the 
resin film is removed. 

(11) A process sat forth In any of (6) to (10) above, wherein the light is electron beams and tie fOmVormfng main Is 
cured thereby. 

(12) A process set forth in any of (2), (4), (5) and (7) to (9), wherein the electroconductive particles are dispersed 
with different concentrations 6n the film thickness direction. 

(13) A process set forth in (12) above, wherein the film-terming resin has a thickness necessary (or giving a volume 
almost the same as the volume of a space formed whan opposite circuits are contacted for Indexing electrodes. 

(14) A process for electrically connecting oppositely placed circuits by heating under pressure using an anisetree* 
icaQy lecuoccnductive resin film obtained by (he process of set f rth in (12) or (13), characterized by heating the 
anisotroplcalry eteceeconducirv resin film from the smaller concentration aide of elect reconduct rve part id as. 
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(15) A fine etBctrodo o rmectedetrvdure obtain d by placing ppoaltety fre electrodes of a pluraffiy f electronic 
parts on the substantially same plane, and sandwiching between said opposll ly placed electrodes an antolropfcaOy 
elactroconducuve resin film havhgelecttoconductMly on V in toe thldmasa direct! nvlatheelactr ccndudtve par- 
ticles having lastic&y and exposed to the air nfr ntand rear sides of a film-fanning resin teyeiobtainad from the 

£ process ol any of 3) to (11). 

(16) A structure set forth In (15) above, wherein the electroconduetr/e particles have a standard deviation of particle 
aire dlstrfcutfan of 10% or less of the average particle eIzb. 

io (17) A structure set forth (n (16) or (16), wherein the electroconducvve particles are plastic particles covered with a 
thin film of meiaL 

(16) A structure set forth fan (17) above, wherein the metal Is principally Au or Pt 

« (19) A structure sat forth in any of (15) to (IB) above, wherein the etednxanductive particles are plastic particles 
having fine pores in the surface, or interconnected fine pores between (he surface and the htertar thereof, a part 
or whole of said pores being covered with a metal or filled with a metal 

(20) A structure sal forth h any of (15) to (19) above* wherein the elect rooonducuve particles have fine bumps on 
so the surfaces. 

(21) A structure set forth In (20) above, wherein said fine bumps are formed by depositing fine pa/tides of eillca, 
fetass or Ni having a particle size of 1/10 or less of that of the slectnxonductlve particles on ma surfaces of the 
electroconducuVe particles, and covering the surfaces of said particles with an electroconducuVe thin film. 

& 

(22) A structure set forth in any of (15) to (21), wherein the ancsotropioatty electroconductivo resin film contains 
otectnaconductivs particles positioned so as to meet the positions ol electrodes connected. 

(23) A structure sat forth in any of (15) to (22), wherein one or both of the oppositely placed substrates are made 
so of a highly elastic material selected from glass and ceramic. 

(24) A structure set forth In any of (16) to (23), wherein electrodes termed on one or both of the substrates are 
positioned tower than the substrate surface level. 

3S (25) A structure set forth In any of (1 5) to (24), wherein electrodes formed on one or both of the substrates are thin 
film electrodes produced by plating, vacuum evaporation or sputtering. 

(26) A structure set forth in any of (15) to (25), wherein the difference h height of neighboring electrodes on a 
substrate Is 10 urn or less, end the electrocon&jcuVe particles have an average partbta size of 100 pm or less. 

40 

(27) A structure set forth in any of (15} to (26), wherein at least one of the substrates and the anisotropically elec- 
trooonductlve resin film are fixed by means of sandwiching or adhesion. 

(28) A structure set forth in any of (15) to (27), wherein the electronic part is a Gojuid crystal dap by, a bare chip 

4* integrated circuit, a TAB integrated drcufl er a printed wiring board, 

* 

(29) A process for using the structure set forth in any of (15) to (28) above for testing display of a liquid crystal 
tfeptay, operation d an element constituting the liquid crystal display, a bare chip Integrated circuit, operation of a 
TAB integrated circuit, or etedrooonductivfty of a printed wiring board. 

so 

According to the present invention, a resin film having etectroconducuvity in the thickness direction alone is produced 
from a process comprising the steps of applying electroconducuVe particles en an stWdng materia) surface and fbeeng 
them with said electroconducuVe particles being oriented In the plana direction on the adhesive surface, and than coating 
thereon a film-forming resin solution which Is Incompatible with the adhesive. Due to use ol a fDnvfonmlng resin as 
& insulating adhesive, it is possible to obtain an anisotropically electioeanductrve resin film-tike adhesive that can be us d 
tor connection of fine electrodes, and by removing only the fifrn forming resin on the electrocendud n particles on on 
side of the film, there can be obtained an anlsotropicaHy eJednoconducthrs resin film wfih the electr conduct rva particles 
exposed on both f r m and rear sides of the film, Further, by using a photocumbf rosin as the film-forming resin and 
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curing said fitm-f arming resin by applying Opjrtt from the adhesive-applied ette of the film, it is possible 1 aasOy and 
surely remove ihe filn^orming resin on th electmanducDva pa/tides and t obtain an antsctr piealiy eiectroconductive 
r asm film having the electrooonducove particles exposed on both front and rear sides of the film. 

Thus, according t the process of Ihe present cnverdion, etectrooonductive partides are applied and fixed on an 

6 adhesive surface, then a photocurabte fitm-l rming resin Incompatible wfth the adh srve is east to fiD up the spec s 
between the part bias, and light Is appDed tram the adhesive side to cure the film-forming resin, Than the film b bnmsrsad 
In a solvent to dissolve away the non-cured ponton of the tUrrxonntng resin. Since the rash portion shielded tram light 
by the etectroconducuve particles remains uncured, only the electroccndudive pa/tide surfaces from which the rash 
has been dissolved away are apposed The cured fQm-forming resin Is dried and peeled from the adhesive to provide 

to an enisotropfcaDy etectrooonductive rash film with the electroeonductlve part Idas exposed on both a Idas of the film. 
Whan electron beam irradiation is employed for curing, il is possible to adjust the cured thlctotese ol the fitm-to rming 
resin by changing the electron acceleration voltage, which makes 9 possible to cbtam an anisotropicaOy etectrooonduc- 
tive resin film ol a desired thickness having the etectrooonductive particles exposed on the film surface. In the present 
Invention, by piecing a Aim or net (this instrument Is hereinafter referred to as mask) on the adhesive surface and applying 

rs stoctroconductjve partides thereon, il is possible to have said electroeonductlve partides adhered to the adhesive sur- 
face' atone In the pores and to dispose the elactrocondulive partides at any pos&ion in the film plane. This makes ft 
possible to control Insulation In the plane direction of the film or to dispose the eiectroconductive partides only In the 
electrode area of the drcuit in the film plane. 

For example, by defining the film pores to be a eke that wonl allow adhesion of more than two etectroconducuve 

a paitides on the adhesive surface, there can be obtained an anisotropicalV eJectroconductfve resin fitm in which the 
tnfflvtdua) partidaa are insulated from each other. It Is also possible to Improve orientation density In the plane direction 
of eiectroconductive partides by pressing said particles against the adhesive surface by a rubber roll or other means, 
and to improve electreconductMty in the thickness direction of the film by removing the superfluous panicles which are 
not fixed to (he adhesive surface. Further, by embedding the electroeonductlve partides In the edheslve layer by edjusting 

25 the pressing force. It is possible to obtain a structure in which the electroeonductlve partides project from the resin film 
moldhg surface, and to improve electrical connecting performance when the electrodes are made conductive by contact 
It is also possible to sequentially arrange a determined amount of electrocendictive pallidas by electrically charging 
the etedroconducUve particles end the adhesive surface or the eiectroconductive particles and the mask with different 
electric charges to have the eiectroconductive particles adsorbed on the adhesive surface and then fixing them. By 

30 using the electroeonductlve partides having their surfaces coaied with an insulating layer made of a tftermcpJastte resin 
or the Idee which can be removed by heating or pressing, insulation fin he plane direction can be maintained even if the 
electrooonducuVe particles a re In a state of being packed densely In the plana direction of the film. Wfth reference to an 
anbotropicaliy eiectroconductive resin fitm ushg eiectroconductive parttdas coated with an InsubUng layer, such film 
can be made Ho one which allows electric conduction between the electrodes by removing the Insulating layer of 

98 electroeonductlve particles exposed on both front end rear aides of the film end contacting the electrodes with both sides 
of thefim. 

In use of an anisotropics Qy elertroconducuve adhesive of the present invention for fitm formation, by applying said 
adhesive so that It will have a thickness necessary for giving a volume almost the same as me volume of a space loaned 
when opposite circuits ere contacted for Indexing electrodes, there can be obtained a connected structure having no 

40 void at (he connedhg section and little squeeze-out of adhesive, which makes h possible to prevent reduction of con- 
nection reliability due to penetration of mosture or shorting ol One adjoining drcufts due to flow of the eiectroconductive 
partides when connection Is formed Abo, by Increasing the coating thickness ol the adhesive, there can be obtained 
a two-layer structured film having an adhesive by or provided on the layer of eiectroconductive partides. In this film, the 
adhesive layer having no eiectroconductive partides is tower in melt viscosity than the layer packed with electrocorv 

45 duetto partides, so that the adhesive layer is more liable to flow into the recess between Ihe electrodes, cheesing flow 
of the electroeonductlve partides Into such recess. This minimizes the risk of short-drcufting between the adjoining 
electrodes and increases Ihe number of the partides which contribute to electric conduction. The above effect can further 
be enhanced when the two layers are pressedly attached to each other by heating from the adhesive layer side at the 
tone of connection, since die adhesive layer ski e is first mailed and flows into the recess between the eject rod as. 

50 The anisotropics lly eledroconduetive resin film according to ihe present Invention has e structure In which (he elec- 
troeonductlve partides having etastidty in the plane direction ol the film are dispersed as a monolayer and Ihe surfaces 
of the individual electroeonductlve particles are partly exposed or protuberant from both sides of the film, eo that by 
applying this resin film for making electrical connection between the electrode section of an electronic part having a fine 
electrode, which is to be tested, and a testing substrate connected to a tester having the opposite electrode. I) Is possible 

& to conduct various teste such as display test of LCD, operation test d the elements composing LCD, operation test of 
bare chip integrated circuits and TAB integrated circuits, and conduction test of printed wiring boards, etc., which has 
. been difficult to carry out wfih the conventional methods. 

The type of Ihe eiectroconductive partides used in the present invention is not particularly BmHedt metal, glass. 
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ceramic and plastic pa/tic) 8 hsvhg a metal deposit on the surfac can be used other singly or In admixture. Aggregates 
of smalmed electroconductive pa/ttdas are also usable. The particle size may be pr party s I cted depending on the 
fineness Itheelrcultst be connect dlbulftehouldbeaaunifc^aspoasbfe 

lor unif ormalizing the particle s'a for connection of fine electrodes. Usually, spherical plastic particles having metal 
s deposit on the surface ere used for connecting very fine electrodes. Where use of metal particles Is required for the 
reason of heal resistance, etc.. It Is recommended to use the particles produced by gas atomtzation or rotary electrode 
elomtzatlon method as. these particles ere close to perfectly spherical In shape. It Is also possible to use amorphous 
particles such as. metal powders produced by water atomiratton method if these particles are unformalized in ebe by 
classification or other means. Electroconductive particles of the type having a major axis are also usable in the present 
io invention. The commercially available short metal fibers and glass fibers which have been subjected to metal plating on 
the surface, carbon fibers end the like can also be used. The diameter and length of the fibers used may be properly 
decided according to fineness of the electrodes to be connected, but it is desirable that the fibers used be uniform In 
length tor belter conductivity. Also, use of fibers with small and uniform diameter Is recommended tor better applicability 
to fine electrode connection. 

is The etoctrocanducuve particles having elasticity used in the present Invention are also not subject to any specific 
restrictions; particles made of elsctrcconducuve rubber or plastic, metaVdsposfted rubber end plastic particles and the 
(Dee can be used singly or In admbdure. As for elast lefty, the wider the range of elastic deformation with etearocoriductivfty 
unchanged, the more absorbed is variation of electrode height or variation of eiedroconductrve particle size, resulting 
in better electrical connection. Use of plastic part ides having metal deposit on the surface Is preferred as such plastic 

20 particles with various moduli of elasticity are commercially available and also various metals can be employed for plating. 
Various metals can be used either singly or In combination for plating, such as Nl-Au or solder alloys, but ft Is desirable 
to use a metal having high malleability such as Au or PI or an alloy with high matleabifity ae such metal can follow elastic 
deformation of electroconductlve particles. The eiedroconductrve particles to which etectroconductMty has been im- 
parted by plating can be secured against peel of the metal deposit on particle deformation by using the plastic particles 

& having pores In the surface and plating the Inside of these pores. Further, by making the porous structure of the plastic 
particles spongers to a Cow intercommunication of the surface and the Inside of the particle and plating the inside of 
the pores, there can be obtained the elsctrocondudhre particles having conductive passages In the Inside. These elec* 
troconductive particles are proof against reduction of eJectrocortuctivity due to separation of the surface elertraeorv 
ductive.byer and also tower in resistance trun me'efectrccom 

30 flOer. In case the electrode to be connected has on Its surface a thin insulating film made of an organic material or a 
metal ootid a, It Is recommended to provide fine bumps on the surfaces of the electroconductive particles so that when 
connection Is made such insulating film wfll be broken by said bumps of the particles to provide stabilized connection 
with low resistance. A material which is solid and tow In malleability is suited for said fine bumps, so thai the electrocon- 
ductive particles with excellent conductivity and desired bumps can be obtained by depositing a material different from 

& the plating metal of the electroconductive particles on the particle surface. Various methods are available for forming 
said bumps. For example, metal particles are precipitated in the course of plating of the electroconductive particles and 
the precipitated metal particles are secured to the surface of the electroconductive particles, or plating of the electro* 
conductive particles Is carried out In a bath in which fine particles ot an inorganic matanal such as sifica or a metal such 
as Nl are dispersed and the dispersed particles are deposited on the surface of the electroconductive particles. The size 

<* of the electroconductive partides may be properly selected according to fineness of the electrodes to be connected, but 
It should be as uniform as possible. 1n view of use of the present Invention for connection of fine electrodes, the particle 
size Is preferably 5 to 1 00 pm. Ae tor particle size disirbution, It Is desirable that the particles are of a uniform size With 
a standard deviation of less than 10%. The particle shape Is preferably spherical for unformalizing the particle etzo for 
connection of fine electrodes. 

45 . For providing electrical insulation in the plane direction in case no mask 

electroconductive particles. It Is necessary to adjust dispersion of eiedroconductrve particles on the slicking layer. When 
the contacting parts of eiedroconductrve particles Increase, electrical insulation in the plane ejection is impaired. There- 
fore, in order to obtain electroconductive points with high density, an electrically insulating layer Is provided on the 
surfaces of the individual electfoconductiVe particles. The insulating layer contains a resin incompatible with the 

50 flfrrW orming resin and can be constituted as a monolayer or multilayer structure. The term "Incompatible* used in this 
invention means that the two resins have no affin&y for each other end dorit form a homogeneous mixture. Usually the 
SP value (solubOity parameter, explained in detail in Adhesion Handbook. 2nd Ed., p 46, complied by Japan Adhesion 
Association) b used as a measure ot compatibility. The greater the difference in SP value of the two resins, the less 
compatible are these resins. Generally, when the difference Is 1.0 or greater, the two resins are scarcely compatible 

a with each other. The difference in heat melting temperature or heat softening temperature of the two resins is also a 
fad r to be considered In deciding whether these resins form a homogeneous mixture or not Generally, when such 
did fence b 10*C or great r, the two resins form no homogeneous mixture. These guide lines differ delicately from 
malarial to material, so that the respective materials used need to be examined individually. What is important is that 
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shce a film is usually formed fay casting a solution d a film-forming resin diss rved and diluted with an appropriate 
solvent to have a pertinent viscosity, th insulating lay r I* made f a resin which wonldiss rveh the solvent used for 
Mm forming or in the liquid component In the film-f arming rash, that Is. a resin insoluble tn the film-conning resin solution. 
Various combinations of resins which are incompatible with each other can be used for forming an electrically insulating 
layer which wont dissolve in the fitm-torming resin solution by selecting an appropriate solvent Resins usable h the 
present Invention Include thermoplastic pofyurethanas, soluble nylons, epoxy resha, phanoxy resins, poly ethylenes, 
polyesters and the like, and actually those which are insoluble In the fi tin-forming resin solution and capable of forming 
an insulating layer with eaee are selected. These barometers, however, differ delicately from material to material, so 
that the materfels must be examined individual y. The thickness of the insulating layer varies In its optimal value depend- 
ing on the degree of Insolubility of the resin In the film-forming resin solution and the degree of covering of eleetrooorv 
ducuve particles, but generally the insulating layer thickness is preferably 0.01 to 10 um Wet and dry processes can 
be employed for forming the electrically insulating layer, in a wet process, for example, the surfaces of etectroccnductrve 
particles are coated wfth a solution of resin and then dried In a dry process, the particles of resin forming the insulating 
layer and the etsctroconducttva panicles are let Impinge against each other at high speed or mixed and ground or fused 
and stuck to each other. In a wet process, resin must be dissolved in an appropriate solvent but this process is advan- 
tageous h that the insulating layer can be easily formed to a desired thickness, especially a thickness of submicron 
order. Dry process has the advantage that & ts capable of forming the insulating layer even wfth resins hardly soluble In 
solvents, and is suited for forming an insulating layer with a thickness greater than 1 pm. 

Various methods are available for forming aggregates of fine eledroconductive particles dispersed h the insulating 
layer. For example, in a wet process, the surfaces of eiectnxonductive particles are coated with a dispersion of fine 
elect rooon ducuve particles In a resin solution which is to form the tn&ubthg layer. In a dry process, the particles of resin 
forming the Insulating layer and the fine eledroconductive particles are let impinge against each other at high speed, 
or mked and ground or fused and stuck to each other so that the fine electfOConducUve particles will bo embedded h 
the hsufatlng layer. A method can also be employed In which the Insulating covered electrooonductlve particles forming 
the Insulating layer according to a wet process and the fine electf ocortduclrVe particles are treated by a dry process and 
the fine eledroconductive particles are embedded in the insubihg layer. 

In the present invention, the sticking material is merely required to keep the etectroconductrVe particles Immobile 
during handling of the particles or coating a? the film-forming resin after dispersion of the particles by making use ol 
strckmass of the sticking material, and it is not required to give a sense of tackiness on touch with hand. Generally, a 
larger contact area between the eledroconductive particle surfaces and the sticking agent provides a greater holding 
force for the electtocortductrve particles, so that a soft material that can fill up (he recesses in the electroconductive 
partjcJe surfaces at the time of dispersion of the electroconductive particles can be used as sticking agent in the present 
invention. In other words, a material capable ol holding the elctroconductrve particles immobile by virtue of its adhesive 
lores to toe electroconductive particles during handling of the particles or coating of the film -forming agent can be used 
as sticking material in the present Invention. Such materials induce rubbers such aa SBR polytsobutylene. porybutane. 
natural rubber, neopreno, butyl rubber, etc., and resins such as acryl resin, silicone resin, fluorine resin, etc Mixtures 
of these resins or norvadhesfcro resins with a testifier such as terpens rash or indsne resin are also usaJbfs. These 
resins may be cross! inked to have a reticulate structure for reducing compatibility with the film-forming adhesive. A 
sticking material such aa meniionedabove Is coated on a substrate film, plate, roQ or the like toform a composite structure 
for facilitating handling of the substrate. Usuafly films of polyethylene torephlhatate (PET), polyethylene, polypropylene 
and the Ska are used as substrate. When a photocurable firm-forming resin is used, both of said sticking material and 
substrate film can transmit ultraviolet rays to cure the ultraviolet-curable film-forming rash. In ease electron rays are 
used as tight. It Is possible to use colored films of Teflon, polyimide or the Oka as wall as filled films In addition to said 
substrate films. 

The fitrn-formhg resh used h the present invention (unctions as a binder of electroconductive particles and can be 
molded Into a film. This rash needs to be one which Is hcompatibte with me sticking material for preventing the sticking 
material which has stuck to and foxed the electroconductive particles during coaling of the film-formhg resin from being 
dissolved to cause movement of the elect roconductrve particles. The fitnrvf orming resins usable in the present invention 
include various types of synthetic resins and elastomers soluble in solvents, thormop tactic resins such as polyethylene, 
vinyl acetate and polypropylene, highly heat-resistant resins such as polyether eutfone, poryemar-tmJde and polyimide, 
heatcurable resins such as epoxy resh and phenol resh. photocurable resins having acrytoyl groups such as polyes- 
teracryiate, urethane acrytate and epoxy acrylata. and photocurable resins containing compounds having shnamoyl 
groups, diaxo groups or azioo groups. These photocurable resins may be used h admbrture wfth thermoplastic resins 
such as polyethylene, vinyl acetate and polypropylene, highly heat-resistant resins such as polyether suffono, poly* 
elher-irnide and polyimide, thermosetting resinssuch as epoxy resh and phenol resh, or elastomers. In case of applying 
ultraviolet irradiation for curing, a is possible to change the cured film thickness or the curing rate by using a pholc-hfliatar 
such as benzoin, benzephenone, MiohJefs ketone or the like and If necessary sensitizer such as an amine compound 
(e.g.Viau^ytamine). a suffur compound r a phosphorus compound 
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As lor combination of a film-forming resin end a sticking materia) which ar Incompatible with each other, there can 
be used, tor instance, a combination of a sticking material with a small SP value such as potyisobutylan and a resin 
with a targe SP value -such as polyamb acid which is a precursor of poJylmlde. SQIoone resins and flu rtns resins ar 
rncompalibte with many other resins, eo that whan these resins are used as sucking malarial, it is possible to opt a variety 
ol resins as sticking material 

In case of using an enlsoiropfcally electroconductrve film ol the present Invention for both purposes of electrical 
com action between the electrodes and edheslon of the electrodes, It Is also possible to effectuate curing after flowhg 
the fim-forming rash between the electrodes by using said fitrrWorming resin and applying heal or fight whDe pressing 
the electrodes against each other. 01 said fifrriormtng resins, thermosetting resin Is preferably used as part of the 
fltnvf ormlng resin since this resin b cured while forming a network structure by heating under pressure at the time ol 
circuit connection and can therefore provide a film with excellent heal resistance and high connection reBabfl&y. 

The thickness of the film-forming resin in case of using an anisotropfcaBy electroconducuve film of thb invention for 
both purposes of electrical connection between the electrodes and adhesion of electrodes is not critical, but the optimal 
film thickness Is decided from the amount of space formed when the circuits to be connected are contacted and fixed. 
For instance, in case of connecting a flexible wiring board having a plurality of 35 urn thick and 50 urn wide paradet-ar- 
ranged copper electrodes at a pitch of 100 urn and a glass substrate having the same arrangement of transparent 
electrodes with a thickness of 1 um or less, the appropriate thickness of the fl*n having 1 0 um electroconductrve particles 
blended therein is 15 to 40 um In this case, since the electroconducuve particles are held between the circuits and an 
adhesive layer Is formed therebetween. It Is necessary to take intocons (deration not only the size of the electroconductrve 
particles but also their deformabfiity and the depth of the particles embedded In the circuits. The thickness ol the resin 
fQm having the eiectroconductlve particles exposed on both eldse of the fltm Is also not Untied In this Invention, but It 
should be noted tat an Increase of the thfckneseentaiteacorrBspcfldn^ 

particles used, resulting in a reduced resolution, so that a large Rm thickness Is unsulted for connection of fine circuBs. 
On the other hand, a email thlcknese dtaeommodee handling of the film end makes ft difficult to produce the desired film 
due jo wrinkling or other troubles, Thus, the preferred thickness of the film Is Q.005 to 1 mm 

Commonly used ultraviolet light, such as generated from a mercury lamp or an electrodeless lamp, can be used a 
slight for curing the photocurabte film4orming resin It is also possible to use electron beam. Use of electron beam Is 
advantageous In thai the cured film thickness can be easily increased or decreased by adjusting the accelerating voltage 
olalectronbeanvlncono^iding 

resin so that the portion shaded by the electroconductrve particles will be kept In an uncured state, so that the light 
appOed is preferably parallel rays of Oght which enter the film-forming resin coated surface vertically thereto Jn this case, 
the film-forming resin h the hemispherical portion shaded by the electroconductrve particles remains uncured If no 
influence te given fay diffraction or reflection of Oght In case of employing a radical reaction for curing, oxygen serves 
as a reaction Inhibitor, so that the amount of oxygen In the Irradiation atmosphere gives an influence on curing of the 
fltrrvformhg resin. This Influence is greatest at the film surface contacting the Irradiation atmosphere and smallest on 
the BghMransmfes ible base film side. Therefore, exposure of the electroconductrve particles can be controlled by chang- 
ing the oxygen density in the atmosphere. That is, the electroconducuve particle surfaces can be exposed even by 
application of a small quantity of Cght from the etectrooonductive particle side, and the mechanical retention of electro- 
conductive particles can be Improved by holding the eJectroconductlve particles with a film-forming resin of a thlcknese 
equal to or greater than semi sphere of eiectroconductlve particles. However, since the influence of oxygen on curing 
of the film -forming resin is greatly affected by the type and content of film-forming resin, photo-initiator and sensitizer, it 
Is necessary to make a close examination of these matters In each blending system. In either case, It Is Imperative that 
curing of the fllm-forrnlng resin be accomplished principally by fight irradiation from the substrate side, with the film-form- 
ing resin on the electroconductrve particles being left in an uncured state because of Interception of light by the electro* 
conductive particles and capable of being easily removed. 

As mask, there can be used, for example, a nat-Qke fabric woven with silk, nylon or stainless fibers, a so-called 
metal mask comprising a thin plate of stainless steel or nickel perforated at the desired positions with a desired size by 
etching or other means, and a mesh made by Ni or Cu plating. In use, mask is placed on the sticking layer. For dispersing 
the electroconductrve particles by electrostatic force, the mask is electrically charged to have the electroconductrve 
particles attracted to the mask surface end then stuck to the sucking layer In the pores of the mask by a blade or other 
means. For allowing efficient adhesion of the electroconducuve particles on the sticting layer in the pores of the mask, 
it is desirable to control electrical charging of the mask by selecting an appropriate mask material or by earthing so thai 
the electroconductrve particles will be disposed only et and around the pores of the mask, Even In tfus case, the elec- 
troconducuve panicles deposited on the mask due to nonunfform charging potential of the mask In me mask plane can 
be brought into the pores by a blade or other means, or the superfluous electroconducuve particles can be efiminat d. 
The nets used lor sieving or such purposes, even those made of a non-elertroconductlve material such as nylon, are 
usually provided wlih an antistatic Veaimant, so thai such nets are useful as they can pravani the particles from depositing 
on the mask. The por s in th mask are usually of a size thai allows passage of electroconductrve particles, and the 
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mask is removed after (he elsctrooonductiv particles hav been stuck n Ihe stiotfng layer, but the p res may bad a 
size thai wont allow passage d the eJectroconducthre particles. What Is essential is thai ihe eAtf reconduct* particles 
be disposed fil (he position o! pores in the mask, with pan of the particles being contacted with the sticking material and 
tad by Qs sticking force. For instance. electroconducUve panicles a/a dispersed on the sticking layer with a mask placed 
thereon, and after the etectnocondudrve pa/tides have been fixed h the p resdthemask,afDnvf iming resin is applied 
without removing the mask, thereby obtalnhg an entsolropioaDy eteclroconducthre resin dim, The mask is removed from 
the fitnvf arming resin surface ol the obtained anlscJfopteaJly electroconducUve resin film and can be reused. Since the 
above process includes no step in which the elecfroconductive particles are passed through (he pores in the mask, the 
eledroconduetive particles may have a efee greater than the mask pores. 

A corona charging device Is usually used for effecting electrostatic charging, end the object of the present Invention 
can be also accomplished by use of this device . This device is capable of electrically charging a material without contact, 
and the charging rale can be controlled at a desired level constantly with monitoring. Desired electrical charging can 
also be accomplished by a contact charging method in which a voltage-applied electroccmductive roOar or brush is 
contacted whh (ha material Such charging needs to be applied only on the necessary part of the sticking layer and 
mask where electroconducUve particles are dispersed, and the potential cfifference with (he electroconductrve particles 
is merely required to be of a value sufficient to cause movement and adsorption ol electrocondudive particles, it is 
pcss&ts to charge the elect roccnductk/e particles themselves, but In this case care should be taken eince the electro- 
conductive particles may be scattered due to electrostatic repulsion between (he particles, or variation of charging rate 
among the Individual particles Is enlarged. Electrical charging of usually several hundred volts or above m required lor 
attaining Ihe object of the present Invention. 

Regarding arrangement of electroconductrve particles on me film surface, one or mora electroconductrve particles 
may be disposed corresponding to the position of each electrode to be connected, or (hey may be disposed in a grid or 
zigzag pattern at a constant pitch to unneoessitate positioning of electroconductrve particles and electrodes, but usually 
particle arrangement is property selected In consideration of fineness of the electrodes and site or distribution density 
of electrooanductive particles. 

In use of the snisotropicaJry electroconductrve resin film of the present Invention, H may be filed between the circuits 
to be connected end heated or irradiated with light to cure the filnvformlng resin contained therein for using the resin 
as an electrical connecting material or adhesive. In the case of the anisotroplcally electrcconductrve resin film ol this 
invention in which the electroconductrve particles are exposed on both sides of the film, the molding of (he presenl 
invention may be filled between the circuits to be connected and then presssdto make electrical connection. 1 1 is possible 
to perpetually retain electrical connection between the electrodes by fixing the electrodes in a pressed stale by a pressing 
fixture, orby filling a liquid adhesive between the electrodes in a pressed state and fixing them, or by heating or Irradiating 
with light Ihe film, material filled between the electrodes in a pressed state to cure the film-forming resin. In this case, 
since the electroconducUve particles are held by the fitnvtmmng resin, the particles wont bo caused to move due to 
flow resistance of the adhesive, so that a high-viseosfty adhesive can be used 

In utiSzation of (he connected structure according to toe present invention for testing of electronic parts, a testing 
substrate Is used for making electrical connection between a fine electrode of an electronic part, which is the object to 
be tested, and an electrode of a device for issuing Input signal of said object or taking in output signal Generally, printed 
circuit boards (PCB), flexible printed circuits (FPC) or like electrode substrates can be used, but a glass or ceramic 
substrate having a thin-film electrode formed thereon ts most preferably used as such substrate has excellent flatness, 
is minimized In scatter of e lectrode height, allows easy formation of fins electrodes and has excellent dimensionaJ stability 
against temperature and humkffiy. The substrate Is properly selected according to the purpose d use; PCB or FPC 
substrate can be selected for their advantages of double-side printing or multilayer lamination of circuits and good work- 
ability. Transparent glass substrate has the advantage of allowing easy positioning of the electrodes. It is desirable that 
difference in height of adjoining electrodes is less than 10 urn. preferably less than 1 urn. Various methods such as 
etching of metal toll, plating, vacuum evaporation, sputtering, etc., or a combination of these methods may be employed 
for making electrodes. Plating, deposition or sputtering is suited for mating fine electrodes, while etching of metal lo9 
with tow resistance is recommended for forming rough circuits or electrodes with a targe thickness. The connected 
structure according to the present invention can be applied to a variety of electronic parts such as liquid crystal display 
paneb, bare chip integrated circuits, TAB integrated circuits, primed wiring boards and the like, and ts especially useful 
lor bqurd crystal displays, bare chip integrated circuits and TAB integrated circuits which have many fine electrodes and 
where scatter of height ol adjoining electrodes is email It is dwirabJe that tfff erence in height of adjoining electrodes 
bo less than 10pm, preferably less than 1 urn An anisotropics!^ electroconductiva resin film may be adhered to the 
electrode portion on the lasting. substrate side alone to Improve handling characteristics. 

The resin film according to the presenl invention can be applied not only for connection of circuits described above 
bul can also as waD be applied to switching members, mull flayer circuities and the fika. 

According to ft presenl invention, a Wgrwesotution anisotropicaliy etacfroconductrve resin film having electrocon- 
ducUve particles uniformly dispersed in ihe plane direction can be obtained, and the fine electrode connected struct ur 
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of this inventi n using said resin mm Is capable of forming more r arable tectrical connection b tween finer electrode 
than possfcle with th conventi na) structures. 

Hereinafter, the principle d the present Invention Is described h further detaO with reference to the ace mpanylng 
drawings. In which the ref renc numerate designate the (allowing materials or parte. 

6 

1: etectnxonductlvepaftldee 
Z sticking material 
10 3: substrate film supporting atfckfng layer 
4: mask 

5: photocurabte resin 

15 

6: flght 

7: lubber roll 

so 8: electroconductive particles covered with electrically insulating layer 
9; circuit 1 
Sty. electrode 1 
11: circuit 2 

it 

12 electrode 2 

as 13 film substrate of anisotroptcally conductive resin film 

14: electron beam 

15: hot plate 

3$ 

1ft platen 

17: space between electrodes 
40 18: elastic electfooonductrve particles 
19: solder resist 
20: adhesive 

45 

21: film substrate solution of antsotroplcalV electroconductive resin film 
22: potyisabutylane sticking material 

i 

so 23: PET film 

24: portion pooriy conductive due to void 

Referring to FIG. 3, there Is shown a production process of an anteatroptcally elsctroconductlve resin film of this 
* invention using an insulating adhesive for the film -taming resin and a connecting procedure. The pr cess is described 
step by step below lo elucidate (he effect d the present inventi a 

First, as sh wn In FIG. 3A, a sticking layer Is pr vtrlad on a substrate resin film by coating or other means, and then, 
assh wn b FIG. 3R electroconductive pa/tides are epr ad over said sticking layer and fixed thereto by virtue of sticking 
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force of the dieting, material. Next as shown in Fia 3C. a fflnvforming adhesive e tuttan (e appOed, filling the spaces 
between the electroconductrva particles. Sine theeleetroc nduciiv particles are fbt d on thosticlong layer, th yw nl 
move In the fitm^orming adhesive s tution, so (hat there takes place n agglomeration ol particles during coaling end 
the particles are uniformly arranged on a plane. Then the solvent is dried away to forma film-forming adhesive byer. 

s f r connecting circuits, as eh wn in FIG. SO, th film b pressed against the surface f ne of the circuits and posted 
along the Interface between the ftm-forming adhesive layer and the stlekmg bye* and the enbotropbairy electrooon- 
ductive resin film adhesive Is transferred Since the fttrn-forming adhesive and the sticking material are tncompatttite 
with each other, their layers can be easily separated from each other along the interface. 

Then as shown in FIG. 3E, the electrodes of both circuits are positioned in registration with each other and both 

ro circuits are pressed or heated under pressure and thereby connected to become electrically conductive. In case the 
circuits are heated under pressure for connections hot r^^ 
particles. 

FIG. 3F shows a situation where an anlsotroplcaOy electmoonductive resin film adhesive of this Invention was dis- 
posed between two circuits and they were pressed together to provide electrical connection between the circuits. 

is FIG. 2A shows an anbotropieally electrooonductive resin film adhesive obtained seconding to a conventional pro- 
duction process, and FIG. 26 shows a situation where this adhesive was disposed between circuits and they ware 
pressed together to form electrical connection. According to the conventional method, when the density of eledrooorv 
ductive articles contributing to electrical conduction h the thickness direction of the film b tow end me circuits to be 
connected are fine, rt is hardty possible to obtain secure connection. Also, because of large Inflow of etectroconducuVe 

so particles Into the spaces between the electrodes, short-circuiting tends to take place between the adjoining circuits, The 
elecuwonductlve part Idas which flowed Into the spaces between the electrodes make no contribution to electrical con- 
nection of circuits. According to the method of the present invention, the number of these particles can be lessened to 
allow a significant cost reduction. Also, the process d this invention can eliminate the above prior art problems to enable 
secure electrical connection of fine circuits. 

*s Referring now to FIG. 4, there is shown a process for producing an anfcotraplcalJy elactroconductive resin film of 
this invention In which eleclroconrfucUve partidas are exposed to the air on both sides of the film-forming resin layer 
and b connection scheme using said film. This process Is described step by step below to elucidate the principle of the 
present invention. 

First, as shown in FIG. 4A» a sticking layer is provided one substrate resin film by coating, and then as shown In 

so FIG. 4B, aledroccnductive particles are spread on said sticKng layer and fixed thereto by virtue of sticking force of the 
efefag material. Next, as shown in FIG. 4C. a fitrn-tormhg resin solution is applied, fining the spaces between the 
elactroconductive particles. Since the electrpcondudrva panicles ere feed on the sticking layer, they wonl move in the 
film-forming resin solution, so that there takes place no agglomeration of partidas during coating and the particles are 
uniformly arranged on a plane. Then, as shown h FIG 40, the film-forming resin Is dried or cured, followed by removal 

» of the film-forming resin covering the electrooonductive particles by dissolution or other physical means to have the 
eJectrcconductive particles exposed on the film surface as shown In FIG. 4E. Thereafter, the film is peeled along the 
interface between the film-forming nw in layer and the sticking layer to give an anisotropically electrooonductrve resin 
film such as shown in RG. 4F. Since the film-forming resin and the sticking matenal are hcornpaUble with each other, 
their layers can be easily separated along the Interlace. Also, es the electroconducbVe particles are In contact with the 

40 sticking layer, eaJd particles stay exposed on the peeled surface of the film-forming resin layer, so that partial removal 
of fllmf arming resin for exposing elactroconductive particles is merely required to conduct on one side (fflnvfomung 
resin coaled elds in FIG. 40) alone of the film. In this* ease, since the eiectfoconductrve particles are distributed only to 
the same plane on the sucklng-byer, the thickness of the film substrate can be regulated to a minimum necessary value. 
Also, the amount of the film-forming resin to be removed tor exposing the eiectroconducuVe particles can be minimized 

45 . and removal of the resin can be accomplished accurately with ease. When partial removal d ffon-fcrming resin is carried 
out in a state where the specimen b supported by the substrate film and atteJdng layer, It b possible to prevent damage 
or elongation of the film-forming resin byer and falkfl of elect roconductive particles. Abo, even if the film b peeled 
along the interface between the substrate film andthe sticking byer in a 6tate where adhesive force between the sticldng 
layer and the substrate film b weak and the substrate film b attached closely to the film^orrning resin layer, It b possible 

so todfcsofve away only the sticking byer by selecthg a prr^ar solvent since me fitm-fom^gresh end 

are incompatible with each other, and a desired arusotropicatfy electnwonductiv© resin film can be obtained. 

FIG. 4G shows a connection scheme where an anbotropicaDy electrooondUftrVe resin film of this Invention was 
disposed between circuits and they were pressed together to make electrical connection 

FIG. 21 shows a scheme where an anbotropicaDy electrooonductive resin film obtained according to a conventional 

55 process was disposed between circuits and they were pressed together to form electrical connection. According to the 
conventional method, when the density of the lectroccnductrVe particles contributing to electrical conduction in the 
thfcfetess direction of the film b tow end me drcutts to be connected ere fine, It b hardly possible to obtain desired 
connection of circuits. Abo, because ol large un evenness of the fifrn surface, a e difficult to obtain contact with the 
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el ectrod 6 on the circuits. According to the proc 66 of the present Invention, the above problems are liminaled to allow 
secure tectricaJ connection of fine circuits. 

HO. 5 shows a product] n process of en anUotroplcalry electrocenductrve resin fUmcrfthte Invention using 8 photo- 
curabl Informing r 6in with the eledroeonductrve particles being exposed on b th aid e f th fUrrvf rmhg resin 
layer, and a connection scheme using said film. This process a xplainad etep by step below. 

Rrat, as shown In FIG. 5 A, a sticking material Is solution coaled on a nghKransmlasIbla resin film substrate to form 
a sticking layer, and then as shown In FIG. 5B, electroconductive particles are spread over said sticking layer end fixed 
thereto by virtue of sticking force of the sticting agent Next as shown In Fid 5C, a ptiotocurable film-forming resin 
solution is applied, fining the spaces between the elactrcconductive particles. Since the electroconductive particles are 
feed on the sticking layer, they wont move In the fDnvf oimlng resin solution, so that there takes place no agglomeration 
of particles during coaling and the particles are kept uniformly arranged on a plane. Then, as ehown in FIG. 5D, Gght is 
applied from the nghMransmissible substrate side to cure the fUm-f orming resin. The portion shielded from light by the 
electfoconductive part ides remains uncured. The uncured fibn-f orming resin covering the electroconductlve particles Is 
dissolved away with a solvent to have the eledroeonductrve particles uposed on the film surface as shown In FIG. SE. 
Thereafter, the film is peeled along the interface between the film-f orming resin layer and the sticking layer to give an 
anbotropfcaity etectroconductive resin film such as shown in FIG. 5F, Peeling along the interface can be easily accom- 
plished since the film-forming resin and the sticking material are incompatible with each other. Abo, as the electrocon- 
ductlve particles are In contact with the sticking layer, the electroconductive particles can be exposed on the peeled 
surface of the film-forming resin layer. Further, even if the film b peeled between the substrate film and (he sticking 
material In a stale where adhesive force between the stiddn g layer and the substrate film Is weak and the substrate fibn 
Is attached closely to the fllm-f orming ream layer, & Is possible to dissolve away the sticking layer alone by selecting a 
proper servant since the film-forming resin and the sticking materia! are incompatible wflh each other, and a desired 
anisotropfeajy electroconductive resin film can be obtained. 

FIG. 5G shows a connection scheme where en anlsotroptealry electroconducuVe resin film of the present Invention 
was disposed between circuits and they were pressed together to form elactrtcal connection. 

FIG. 1 A shows a step associated with the aforesaid embodiment (1 ] of this Invention In the above-described process 
for producing an anisolropically el edroconductive resin film, in which the electroconductiva particles have been spread 
over the sticking layer. Here, the electreonductrVe particles are fixed by virtue of sticking force of the sticking material 
FIGHBshowe-e^ep-aseccimed^tto 

conductive resin film according to the present invention, In which the electroconductive particles are fixed to the sticking 
layer h the pores of the mask placed on the sticking layer. Eledroconductive particles are moved roiling on the mask 
by a brush or other means and can be set in the pores of the mask. There can thus be obtained an antsotropfcaity 
electroconductive resin film in which electroconductive particles are present In a desired arrangement on the film plana 

FIG. 1C shows a step associated with the embodiment (5) in the process for producing an anisotropicalfy electro- 
conductive resin Aim of the present tivention, In which electroconductive particles are fixed on the sticking layer end 
light to applied from the light-transmissible substrate side to cure the fitm-f orming resin. The portion of the resin shielded 
from Gght by the electroconductive particles remains uncured. 

FIGS. 1 D and 1 E show Ihe steps associated with the embodiment (7) in the process for producing an anisotropicaily 
eleorooonductrve resin film according to the present invention, In which an electroconductive particle layer Is provided 
on the sticking layer to a thickness greater than the electroconductive particle size and pressed into the slicking layer. 
In the step of FIG. 10, an electroconductive particle layer is provided on the sticking layer to a thickness greater than 
the electroconductive particle size, and in the step of FIG. IE. the etectrocoriductrve particle layer Is pressed Into the 
sticking layer go that the individual particles will be burled In the sticking layer to a depth of a half or lass of the electro- 
conductive particle size. By these stBps, the contact area between the electroconductive particles and the sticking layer 
Is enlarged to ensure uniform and secure fodng ol the etectroconductive particles, and alsothe electroconductive particles 
held between other particles and not contacted with the sticking layer are pressed an dfonctbly contacted with the slicking 
layer to increase the density of electroconductive particles in the anisotropicaOy electrooondudrve resin film. Also, since 
the etect/oconductrVe particles not in contact with the sticking layer can be reduced, a becomes easy to remove the 
superfluous elearoconducirve partctes which donl contribute to elactrtcal conduction. Further, by embedding the elec- 
troconductive particles In the sticking layer, them can be produced a structure In which eledrocortfucuve particles project 
I rem the film surface at the plane contacted wflh (he sticking layer of the produced anisotrcpicalr/ deetroconductrve 
resb film to ensure electrical connection between electrodes and eieetrooanducuVe particles. Further, since the embed- 
ded depth of electroconductive particles can be freely dadoed by hanging the pressing force, It Is possible to easily set 
the amount of projection of eiectnxonducttve particles at the optimum leveL 

FIG. IF shows a step associated with the embodiment (B) of the present inv ntion, in which the electroconductive 
partid sand Ihe slicking material are electrostaficafryctvirgad rm an etectroconductive 

parttde layer by dispersing the etectroconductive particles on the sticking layer by electrostatic fore . Similarly, when 
the sticking fcayer electrostatically charg d with the different charge from the etectroconductive particles are brought 
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dose to th ebcUocondurtivB particles as shown in FIG. 10, the etectroeonductto particles ar held nine sticking 
layer by the electrostatic force. In this case, electrooonducuve particles on the mask are attracted by the electrostatic 
forest the sticking layer at the position of p res of the mask exposed to thesarteca, and stay stuck only at ihoposHkm 
ol pores o1 the mask The amount of particles carried on the mask can be lessened by reducing the amount oJ electric 
chanje ot the mask, and since the eledrocenductive particles are not stuck to the mask, Ihey can be asiiyr moved by 
air blow or brushing. It Is thus possible to obtain an aniaatropteaUy etectreeonduelto rash film containing electrocon* 
duetto particles arranged uniformly on the dim plana 

HQS. 1 H, II and 1 J show the steps associated wfth the embodiment (B) of this invention in which the etectroccn- 
duetto particles are the particles, or aggregates thereof, covered with an electrically insulating layer which can be easDy 
removed by heating or pressing. In the step of FIG. 1 H, the eledrcconducBve particles covered with an Insulating layer 
are spread over the sticking layer, m the step ol FIG. 11 . the specimen is disposed between the circuits to be connected, 
and in the step cJ FIG. 1J. the insulating layer is caused to move by heating under pressure to make electrical connection 
between the circuits. Shoe the insulating layer is insoluble in the film-forming adhesto solution, the insulating layer 
remains retained as It is In the fifrrrtormtng adhesive solution. Also, since the particles are fixed to the sticking layer, 
they wonl agglomerate with each other in the film-forming adhesto and are dispersed uniformly on the film plane. 
Therefore, even H the etectroeonductto partJctes are filled densely to contact with each other, their electrical insulation 
In the plane direction Is maintained by the electrically Insulating layer between the particles. Electrical connection be- 
tween the opposing electrodes can be obtained by removing the Insulating layer on the particle surface by pressing or 
healing under pressure. 

FIGS. 1 K and 1 L show the steps relating to the embodiment (1 0) In which the electroconduetto particles covered 
wrth an electrically Insulating layer ere used and the electrically Insulating layer of the eleetrocojidJCtto particles exposed 
on both front and rear sides of the resin fBm are removed FIG. IK shows a film molding obtained by using the electro* 
conductive particles covered with an electrically insulating layer, and FIG. 1 L shows a state where the electrically insu- 
lating layer exposed on the film surface has been eliminated. Since the Insulating layer is Insoluble In the Wnvtcrming 
resin solution, it stays retained as it is In the film-forming resin solution, so that even when the electroconduetto partidss 
are fined densely to contact each other, their insulation in the plane direction is maintained by the electrically insulating 
layer between theparticles. Since a resin Incompatible with the lilm-tormin g resin is selected as insulating layer materteJ.H 
Is possible to dissolve eway only the insulating layer exposed on the film surface by using a proper solvent According 
to this method, even (n ease it is difficult to remove the insulating layer whan electrical connection is made, a is possible 
to employ an anisotropJcalty etedn^anductive resin film with a high conductive point density by using the electrocon- 
duetto particles covered with the insulating layer. 

FIG. 1M Is a drawing Illustrating the embodiment (11) of this Invention In which electron rays are applied from the 
GghHransmissible substrate side to cure the film-forming resin, ll Is possible to adjust the film thickness to be cured to 
have the electroconducuve particles exposed on thef ilm-fermfog resin surface by controlling tie electron ray irradiation 
energy. In case the eJectroconductto panicles are the resin particles having a thin metal deposit on the surface to allow 
easy transmission of electron rays, the portion shielded from light by the electroconducuve particles is also cured, making 
the etectroeonduetfvo particles unliable to f aB off the film. 

Fia 1N shows a setup associated with the embodiments (12) and (14) of the present Invention. When electrical 
connection Is made by using an anisatroplcally electroconducuve resin film in which the electrocanductive particles are 
dispersed with different concentrations in the film thickness direction, since the layer filled with electiDcortduetto partidss 
become higher in men viscosity than the adhesto byer, the fluidity is reduced and the adhesto alone is filled in the 
spaces between the electrodes, so that Insulation between the adjoining circuits to retained more positively and the 
number of the etecuooonductive particles contributing to electrical conduction Is Increased. Also, when the heating and 
pressing fixture is so set thai heating is made from the adhesto layer side, since the adhesive byer is first melted and 
brought into a fluid state, the effect of filling the adhesive alone in the spaces between the electrodes is promoted 

FIG. 10 shows e step associated with the embodiment (13) in which a film-forming adhesive has been disposed 
between circuits. Here, a film-forming adhesive having a Ihictaess necessary for giving a volume almost the same as 
the volume of a space formed between the electrodes Is used After connection, there Is provided a connected structure 
having no space between the circuits as shown in RG. 3F. 

FIG. IP shows a sectional structure ol an enlsotropicatly electroconductive resin fflm using a fltm^orming resin 
which becomes adhesive when heated under pressure or irradiated with Gght, which is typical of the embodiments (2) 
and (3) of the present invention. It is possible to attain both adhesion of electrodes and electrical connection at the same 
time by using as rum-forming resin a thermoplastic resin, a non-cured heat-curable resin or a photo-curable resin which 
is melted and cured on heating under pressure or Irradiation with light Specifically, electroconduetto particles are held 
between electrodes in e elate where an antsotropicaUy electroconduetto rssn film of this invention has already been 
disposed and pressedry held between electrodes to provide electrical connection. EledroconductrV particles are de- 
formed or embedded in the electrodes by pressure to bring the electrodes and fitm-f arming res In frtio a contacted state. 
The film-forming resin is cured by healing under pressure or irradiation w8h fight to retain the electrodes in a banded 
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stat . The step of electrical connection by pressure end the step of adhesion betw en el ctrodes by heating r iighl 
irradiation may b performed simultaneously. Ab , a step cd electrical functional test ol the I aronic parts to b con- 
nected may ba incorporated between the above steps. 

FIG. 1Q is a schematic sectional view of a fine electrode connected structure according t the mbodiment(15)of 
the present invention. As an anisctr picaOy elsdroconducuve resin film is disposed bstween the pposing eleetrodes 
as shown in FIG. 1Q, the opposing eiaetrodas become conductive. Since the eiectroconductrve part Idas are the elastic 
part|ptes subject to detormatton on pressing, the alectrocontfuctHro panicles are deformed to make the electrodes con- 
ductive for aura despite scatter in height of the electrodes. 

FIG. 1R shows a structure aocortfng to the embodiment (24) o) the present Invention, In which an insulating byer 
audi as solder resist Is provided between electrodes and the etectroconduetfve particles am deformed even If the elec- 
trodes are not convex, so that there is no need of disposing eiectroconductrve particles in the electrode portion alone. 
Of course, (he eJectroconduclrve particles may be disposed in the electrode portion atone as in the case of the embed- 
bnent (22) by using a mask. 

FIG. 2K Is a sectional view of a connecting mechanism using conventional metal particles. In this case, since the 
metal particles are incapable of being etasticaiy deformed to such an extent as to absorb scatter h height of electrodes 
or scatter h size of metal pa/tides, such scatter must be counter valid by flexibility of the substrate or deformation due 
to flexibility of the film substrate which b a binder of metal particles. Consequently, the pitch between electrodes Is 
reduced, and h case scatter of electrode height is large, the metal particles may hot be contacted with the electrodes. 
In case an insulating layer such as solder resist is provided between electrodes and the electrodes are not convex as 
shown In FIG. 2L, if electronconduetrve particles exist between electrodes, ft becomes unable to eel up contact between 
electrodes and eleetrooonduouve partldes, so that ft Is necessary to introduce elect roconducth/e particles In the electrode 
portion alone. 

It Is desirable that the size el electrcconducth/e particles is uniform as in the embodiment (16) because in this case 
It is only required to absorb scatter of electrode height by deformation. As for the material of eiectroconductrve particles, 
R is possible to use eJsctroconductVe polymers or reshs having an elsctrcconducuve fBIer dispersed therein Especially 
use of plastic particles covered with a thin Rm of metal as in the embodiment (17) Is recommended as they are com- 
mercially available. In this case, eledroconductMty of the particles can be adjusted by the thin film of metal on the 
surface, while daformabHity and elasticity can be adjusted by the quality of plastic particles, so that an appropriate 
ccnfoinationxanbeaelecteM 

be deformed with ^formation of the particles, so that use of a metal or an aOoy with high malleability such as Pi or Au 
(embodiment (1 8)) is recommended since use of such metal can minimize the risk cf peal or cracking of the him when 
the elsctrcconducuve particles are deformed An effective method for preventing peel or cracking of the metal film on 
the particle surface is to enhance the adhesve force by an anchor effect produced by the unevennesa of the particle 
surf ape. By plating the plastic particles having fine pores on each surface as In the embodiment ( 1 g), a ihh «m of metal 
can ba formed on the biside of the pores and a high adhesiveness can be obtained If the pores are present not only In 
the surface but also in the interior of the particles and these pores are interconnected, elactmanducuve passages are 
formed In the inside of the particles and mere can be obtained tha dsformable etectnxonducuve particles having fittle 
possibility of causing crack or peel of tha metal film on the particle surface. Use of such dsformable eiectroconductrve 
particles can eliminate the risk of causing deformation of the electrodes when contacted under pressure, so that the 
obtained connected structure Is suited for testing of electronic parts. It often happens that the electrode surface be 
contaminated with organic matter or covered with a thin insulating layer of metal oxide during normal handling of elec- 
tronic parts, and In some cases resistance b increased and no good connection can ba obtained unless tha dean 
electrodes are connected through the Insulating layer. Such connection through the insulating layer can be obtained by 
adjusting rigidity of eiectroconductrve particles, but an appropriate rigidity must be selected within Emits not Impairing 
the electrodes as discussed above. When fine bumps having a sufficient hardness to run through the insulating tayer 
are provided In the thin metal layer on the surface of etdroconducove partldas as fat the embodiment (20). a targe 
pressure is exerted to the bumps when the electrodes are connected and good electrical connection can be obtained 
regardless of ridity d eiectroconductrve particles. If such fine bumps are eiectroconductrve on the surface, the Intended 
purpose can be achieved, so that the inside of the bumps may be nc**iectrooonductrve. For instance, the object can 
be attained by depositing fine silica or glass particles with ahlgh hardness on the surfaces ot eiectroconductrve particles 
and covering the surfaces of the Insubthg fine particles by plating as in the embodiment (21). In case said bumps are 
provided by depositing fine eiectroconductrve particles, it is recommended to use hard Nl particles having spine like 
bumps on the surface as such particles can easOy penetrate the Insulating layer on the electrode surface to provide 
good electrical covwcilon. These bumps can be provided by other methods, such as forming un evenness on the plated 
suit aoe by selecting the proper plating conditions, or by first forming bumpy oxide particles and than reducing them. 

With an anisotropicaOy eiectroconductrve resin film having the etectroconductive particles exposed on both sides 
ol the film according to the present Invention, Q is possible to obtain a desired connected structure by proving an 
adhesive layer on the surface of said resin fitm for banding and fixing the substrates, but ft is also possible to obtain a 
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detachable connected structur without b nding by making use d the advantage that electric conduct! n can be pro- 
duced by contact alon . In case of using this detachable conn action system t r testing cl electronic pans, since th 
electroconducUve partldes are datormable, Q is possible to use not only a flexible testing substrata such as EPC substrate 
but atso a hard Bubslrate with tow deformablfly 6uch as PCS, glass or ceramic substrat as in th embodiment (23) oJ 
the present invention. The electrodes on the substrates may bo ones produced by ordinary metal foil tching, but it is 
preferred to use thin film electrodes produced by plating, vacuum evaporation or sputtering of a conductive material for 
reducing scatter of electrode height on the testing substrates as In the sntodimant (25). Whan the difference tn height 
of neighboring electrodes on a substrata is 10 urn or less and the electroconductive part ides have an average particle 
size of 100 urn or less as tithe embodiment (26), good connection can be obtained and both requirements for securing 
Insulation between electroconductive partldes and providing fine connection can be met Atso* using an anisotraptcaOy 
electroconductive resin film of this invention by fixing it to a substrate as in the embodiment (27), even the thin fitmc 
provided on the fine electrodes can be made tolerant of damage in the repeated connecting operations and the handling 
characteristics can be improved This connected structure s especfalry suited tor testing of electronic parts such as 
liquid crystal displays, bare chip integrated circuits, TAB integrated drculta, printed wiring boards, etc. (embodiments 
(28) and (29)) as scatter of electrode height is small in these electronic parts. 

The present invention is described in further detail below wBh reference to the examples thereof, which examples 
are however merely Intended to be Illustrative end not to be construed ae QmiUng the scope of the invention. The materials 
and the treating conditions used In the following Examples and Comparative Examples are as described below. 
Stickmo material : 10 urn thick polyisobutylene sticking materia) (VISTA NEX a trade name, produced by Tonex Co., 
Ltd.) or 10 urn thick si tone type sticking material (TPH 671 2, a trade name, produced by Toshfea SiTroone Co, Lai) 
was coated on a 60 um thick PET substrate film. 

Eleriroconductive particles: NI particles having an average size of 40 um produced by gas atomizalion, plastic else* 
trocenductive partldes produced by forming a 04 um Au layer on the surfaces of polystyrene spherical partldes having 
en average size of 10 um end those having an average size of 40 um, and plastic etectroconducllve particles produced 
by forming a <X2 um Au layer on the surf sees of spongy polystyrene spherical partldes having pores of about 0.01 um 
and an average particle size of 40 um were used Standard deviation of particle size distrfeutbn of the etactroconducuVe 
partldes using polystyrene spherical particles and spongy polystyrene spherical partldes having an average size of 40 
umwae2umorlesa. 

The surfaces of the electroconductive particles were covered with an electrically Insulating covering materia) 
CM4C00 (methanoJ-soiuble nylon produced by Toray Industries,!!*) using methanol as solvent by COATMIZER (a trade 
name, mfd by FREUNO Industries, Inc.) according to wet process to form an approximately 0.5 um thick insulating layer. 

for forming fine electroconductive bumps on the electroconductive particle surfaces, the surfaces of plastic particles 
were plated wfth Au h a plating solution having dispersed therein fine eOlca partides having a primary pa/tide size of 
0.04 um or fine NI partldes having a primary particle size of about 3 um 

FUnvformlng resin : Heat-curable epaxy resin obtained by coating and drying a toluene solution of e 50/20/207 10/2 
mature of Epikote 1001/Eptkote 82&7NIPQLE 1032 (nitrite rubber produced by Nippon Zeon Co., Ud)/ HITANOL 2400 
(aJkylpheno^produced by Hitachi Chemical Ca, UdyCURZCL 2PZ (2i>heny5midazoie produced by Shikoku Chemical 
Industries Ca.Ud), poiytmide resin obtained by coating, drying and irrodamg a drmethyfforrnamxie (OMF) solution of 
poryamJc acid, or urethane rash obtained by coating, drying and photocurfng a methyl ethyl ketone solution of urethane 
acrytate ofigomer (produced by Shin Nakamura Chemical Co., Ud) was used. For curing the film-forming resin by 
ultraviolet irradiation, benzophenone and MichJer's ketone were used as phctofoffiator in amounts of 4% and 1%, re- 
spectively, based on urethane acrytate oligomer. 

Production process Is described ep ecrficaOy In each Example. For coating of sticking materiel and film-forming rash 
solution, an applicator type coating machine was used Drying after coating of heat-curable epoxy resin was carried out 
atBO*Cfor lOmhutes. Dryhgo! pctyamicadd coating was conducted at IWCfor 20minutesand dehydralrorv-tmidatlon 
was carried out at 400* C for 1 0 minutes. Ultraviolet Irradiation for curing ftimtornlng resin was conducted at a cumulative 
dose of 700 mJ for one-side exposure by using an ultraviolet exposing device (mfd. by Oak Selsakujo KK). Cured 
thickness of film-forming resin was expected to become substantially equal to the radius of partide at the part close to 
the partides, but the resin thickness became about 5 to 1 0 um greater than the radars of particle under the influence of 
Diffraction of tight or reflection of Opjht on the partide surface. However, film-forming rash el the part substantially shielded 
from light by (he electroconductive particles, with sard Influence removed, was no) cured and the elsctnxonductive 
partide surface was exposed. Electron ray Irradiation was performed by applying electron rays from the substrate film 
side by using an electron beam Irradiator (mfd. by IwaaaU Electric Co. Ud). Cured thickness of film-forming resin can 
be adjusted by the accelerating voltage of electron rays end the thickness of substrate film or sticking layer through 
whJoh electron rays are to pass, but when accelerating voltage was set at 160 kV and substrate film thickness at 100 
um, cured thickness of fttm-forming resin feO n the range of 30 to 35 um, so these values were adopted as treating 
conditions. 

For evaporation of anisetree icaUy lectroconduclive resin film obtained by peeling from the interface wit h the sticking 
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layer, in Examples 1-6 and Comparative Example 1 , a flexible wirin g board (FPC) having c pper circuits with a fine width 
c4 50yn\apftehd iMumandatrucknM^ wiring 
board having transparent electrode circuits (Indium tin oxide (ITO)) with a One width of SO pm, a pitch of 100 urn and a 
thickness f 0.1 urn with an overall circuit width of 50 mm were positioned e that the circuits ol both wiring boards 
opposed to each oth r, and the obtained anisotroptcaQy electrooonductivs resin film was disposed between the opposing 
circuits and kept under a pressed (10 kgfcm 2 ) and heated (170"C) condition for 20 seconds to bond the circuits by the 
specimen. The apparatus used for this circuit bonding was of a structure (n which the specimen Is placed on a platen 
ol room temperature and pressed from above by a hoi plate heated to a prescribed temperature. The anlsotroptcally 
alactronconductlve resin film (adhesive) was Inserted with Its side having lower etscuocortducUve particles placed upside 
so that the film would bo heated from the adhesive-applied side. 

In Examples 6-1 3 and Comparative Example 2. two FPC wiring boards were positioned so that IheJrcireu&e opposed 
to each other, then the obtained anlsotroptcally elect roconducuVa resin film was disposed between the circuits and 
pressed at 10 kg/cm 3 , and under this condition, connection resistance and Insulation resistance were measured. In 
Example 11 using the electroconducuve particles having Insulating coat to be removed by heating under pressure, the 
specimen was placed between the circuits and kept under a pressed (10 kgfem*) and heated (150*C) condition for 30 
seconds to remove the insutaltng coal, followed by coding to room temperature underpressure. In Example 13 intended 
to obtain mechanical connection by bonding the circuits simultaneously wfih electrical connection, measurement was 
made twice, first by placing the specimen between the circuits and keeping them under pressure (10 kg/cm 2 ) and the 
second time by bonding the circuits with the specimen under a pressed (10 kg/cm 3 ) and heated (1 70* C) condition tor 
30 seconds and then cooling to room temperature under normal pressure. 

In Examples 1 4-19 and Comparative Example 3, two FPC wiring boards having copper circuits with a fine width ol 
100 um, a pitch ol 200 pm and a thickness of 35 um with an overall circuit width of 50 mm were positioned to oppose 
the respective circufe. then the obtained anlsotroplcafly electroconductive resin film was disposed between the circuits 
to bond them under pressure of 10 kgfem 2 , and under this condition, connection resistance and insulation resistance 
were measured. In Example 18 using the electroconducuve particles having Insulating coat to be removed by heating 
underpressure, the specimen was disposed between the circuits, kept under a pressed (10 kg/cm 2 ) and heated (1G0*C) 
condition for X seconds to remove the insulating coat, and then cooled to room temperature under pressure. 

In Examples 20*22 end Comparative Example 4, there were used glass substrates having Au-plated 2-mm long 
ttooWwrth-a-nno-width^ 

In heigh! between the neighboring electrodes of approximately 0.3 pm or less with an overall electrode width of 50 mm. 
These substrates were positioned with their electrodes opposed to each other, then the obtained anisotropics^ elec- 
troconductivB resin film was cSsposed between in e electrodes for bonding them under pressure of 1 0 kgton 2 , and under 
this condition, connection resistance wae measured 

In Examples 21 and 24 and Comparative Example 5, one of the glass substrates used in Example 20 was replaced 
by a prtrded substrate having a solder resist layer which was about 2 pm higher on (he average than the electrode 
surface level Electrodes were Cu electrodes with a height oMB pm. 

In Example 23, the glass substrates of Example 20 having Al electrodes with a height of about 0.7 urn were used. 

In Example 25, the anisclropicaOy electroconductive resin film obtained in Example 20 was bonded to one of the 
glass substrates with an epcocy adhesive by keeping them under e pressed (10 tycrn 2 ) and heated (170*C) condition 
lor 20 seconds, and then the film was pressed against the other glass substrate and left under this^ state. 

In Example 26, an epoxy adhesive was epplied to both sides of the arosotropioaOy electroconductive resin film, and 
thb film was placed between the opposing glass substrates (same as used In Example 20) and kept under a pressed 
(10 kg/cm 2 ) and heated (170*C) condition for 20 seconds to bond and fix said both glass substrates. 

Connection resistance and insulation res stance were measured at room temperature under normal pressure. Spe- 
cifically, connection resistance between a pair of substrates was measured by flowing en electric current of 1 mA while 
Insulation rea lata nee between the adjoining connected drcuhs was measured at by applying a voltage ol 100 V. The 
obtained results in the Examples and Comparative Examples are shown in Table 1 . 

Example 1 

Using a dry particle spreader, plastic etectroconductive particles havsig an average slie of 10 um were spread 
through a 20 urn-mesh screen over the sillcone-based sticking malarial applied side of a PET film. Then a heal-curabta 
epoxy resin solution was coated on the particle spread surface end dried, tn this coaling operation, the concentration 
of heat-curable epoxy resin and the coating gap of applcator were adjusted so as to obtain a film thickness of about 25 
um. Observation of the sectional shape of the obtain d film confirmed that A was a twcWayer structured film in which an 
approximately 1 5 um heat<urabre epoxy resin layer was formed on a layer o1 electroconductive particles fix d on the 
sticking layer of the base film. The two-layer structured fltm was stripped oil from the Inter! ac with the sticking layer to 
obtain an enisotropically elsctroconductiv resin film. 
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Example 2 

A mask (1 6 pjiwnesh nylon a objected to an antistatic treatment) was attached tightly on the efltaone-based sticking 
material applied side f a PET film, and using said dry partkl spreader, plastic eledrrjconductrVe partidas having an 
average size f 10 pm were spread cv r th mask through a 20 pm-mesh screen. After spreading, the particles on the 
mask were m ved roHhg by using a daatattebing brush so that many parities would ent r the pores In the mask. Than 
trie pa/tides staying unfixed to the sticking lays/ ware removed by blowing cornprassed air and tha mask waa peeled 
from the sticking layer d the fflm, Thereafter, a heat-curable epaxy resin solution was coat ad on the particle-spread side 
of the fflm and dried. 

Example 3 

Using a dry parti de spreader, plastic elactrocenductlve particles having an average size of 10 pm ware spread 
through a 20 pm-mesh screen on tha sfl icons-based sticking material applied side of a PET film. It waa observed that 
about 3 to 10 pieces of spread eJectraccnductive particles agglomerated each other to form many local stratiform par* 
ttona, Tha paritda spread side ot the fOm was covered with a 25 urn PET film and pressed between rubber rolls 
pressure of 1 kg/cm 2 . Than the cover Him was stripped off and the spread condition of aledroconductrve particles was 
observed Electrooonductivo partidee were found pressed against the sticking layer and fixed thereon substantially as 
a single layer. A heat-curable epaxy reefcn solution was coated on the particle spread surface of the film and dried 

Example 4 

Using a dry particle spreader, plastic electrocon dueuve particles having an average size of 1 0 pm were spread over 
an aluminum foO through a 20 urn-mesh screen, A mask (15 um mesh nylon) was attached tighuy on the silicon e-based 
sticking material applied side of a PET film and the mask side thereof was electrically charged to +3 kV by a corona 
charger. The masked PET film waa positioned, above the dedrocendudto particles spread side of the aluminum foil 
so that the masked cfcted the film opposed the eledrcconductive particle spread surface of PET film wfth a spacing ol 
about 1 cm ElectrcoonducoVe partidee on the aluminum tot) were attracted Into the pores In the maak by electrostatic 
force and fixed to the sticking layer. Since the etectnxanducttve particles fated to the etictfrtg layer were electrically 
charged to a same potential, an electrostatic repulsive force was generated between the electroconductfVe particles, 
inhibiting the partidasf rom agglomerating each other to form a single layer of particles. Then the mask was stripped off 
from the sticking layer and a heat-curable epaxy resin solution was coated on the particle spread surface of the film and 
dried 

Example 5 

Using a dry particle spreader, plastic electroconductive particles having an average site of 10 pm ware spread 
through a 20 pm-mesh screen over the si) bone-based sticking material applied side of a PET dim. A heat-curable epoxy 
resin solution was coaled on the particle spread aids of the film and dried 

Example 6 

Using a dry particle spreader, NI particles were spread through a 50 pm-mash screen over the polyisobutytene 
applied side of a PET film. The particle spread side of the film was coated with a pdyamic add edution. and after drying, 
the coated side of the film was peeled from the interface w3h porytsobutyfane and heat treated for ImiaTzation. This film 
had a thickness of about 25 pm at the poiytmtde portion. On the pofyamic add solution coated side of the film, the particle 
surfaces were covered with a thin film of poJyimide. so that the film was frnmereed in an aqueous solution of sodium 
hydroxide to partially remove poryonide in the surface layer by decornpositron to expose the particle surfaces. 

Example 7 

A mask (50 pm-mash nylon subjected to an antistatic treatment) was attached tightly on the polyisobutytene applied 
aide of a PET film, and using a dry partide spreader, Ni part ides ware spread over the masked aide of the film through 
a 50 urrwnesh screen. After spreading, the particles were moved rolling on the mask by using a destalidrlng brush so 
that many parti das would enter the pores in the mask. Then the particles staying unfixed to the sticking layer were 
removed by bbwhg compressed air and the mask was stripped off (rom the sicking layer of the fi Im. The particle spread 
side of th film was coated with a polyamic acid solution, and attar drying, the coaled eida of th film was pasted from 
the polyisobuly ten interface and heal treated for tmidizatioa This film had a thickness d about 25 pm at the pofyimida 
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p rttan. On the poryamic acid solution coaled side f fh film, the particle surfaces were covered with a thin fam of 
potyimide, so ihai the film was imm read in an aqueous e luticn t eodlum hydroxide t partially remov potyimide In 
the surtace layer by decomposition to expose the particle surface. 

* . Example e 

Using a dry particle spreader, Nl particles were spread over the potylsobiitylene applied side of a PET Mm through 
a SO iim-mesH screen There ware may parts where the spread Ni particles agglomerated In groups of about 3 to 10 
and stralffied locally. A 25 pm PET cover fi tm was placed over the particle sp read side d th e ftm and pressed between 

vo rubber rolls under pressure of 1 kg/cm 4 . Then the cover film was stripped off and the Nl particle spread condition waa 
observed. It was found that Ni particles ware pressed into the sticking layer to term substantially a single layer of particles. 
A DAtF solution of potyamicadd was coated on the Ni particle spread side of the film, and after drying, the coated side 
of the fam was peeled from the poryisobutytene Interface and heat treated for hMzatlon. This film was approximately 
25 um thick at the potylmide portion On the polyamlc acid solution coated side of the film, Ni particles were found 

is covered with a thin fern of potyimide, so that the film was immersed in an aqueous solution of eodrum hydroxide to 
partially remove potyimide in the surface layer by decomposition to expose the particle surface. 

Example 0 

20 Using a dry particle spreader, Ni particles were spread over the pofyisobutyiene applied side of a PET film through 
a 50 um-mesh screen. A 25 pm thick PET cover film was placed on the particle spread surtace and pressed between 
rubber rods under pressure ol 6 kg/cm 2 . Then the cover fBm waa stripped off and the spread condition of Ni particles 
was observed It was found that Ni particles ware burled in the sticking layer to a depth of approximately 5 pm on the 
average as a single layer, A DMF solution of polyamlc acid waa coaled on the particle spread side of the fBm, end after 

25 drying, the coated side .of the film was peeled from the poryisobulylene side and heat treated tor Imidfcatlon This film 
was approximate Jy 25 pro thick at the potyimide portion. On the polyamlc add solution coated side of the dim, the particles 
surfaces were covered with a thin film of potyimide, so that the film was immersed In an aqueous solution of sodium 
hydroxide to partially remove potyimide In the surface layer by decomposition to expose the particle surface. 



» Example 10 

Using a dry particle spreader, Nl particles were spread on an aluminum foil through a 50 urn-mesh screen A mask 
(50 urn-mesh nylon) waa attached tightly on the poryisobutytene applied side of a PET him, and the masked side of the. 
film was electrically charged to 43 kV by a corona charger and positioned above the Ni particle spread surface of alu- 

ss minum toO so that the masked aide of the turn would oppose the Nl particle spread surtace with a spacing of about 1 
cm Ni particles on the aluminum toil were attracted Into the pores of the mask by electrostatic force and fixed to the 
sticKng layer. Since the Ni particles fixed to the sticking layer were electrically charged to a same potential, electrostatic 
repulsive force was generated between Ni particles, which hefced to Inhibit the particles from agglomerating each ofter 
to form a single layer of particle* Then the mask was stripped off the sticking layer. A polyamlc add solution was coated 

<o on the particle spread side of the film, and after drying, the coaled side of the film was peeled from the polyisobutylene 
side and heal treated tor imidization This fflm.was about 25 pm thick at the potyimide portion. On the polyamic acid 
solution coated side ol the film, the particle eurfaeee were covered with e thin film of potyimide, so that the film was 
immersed In en aqueous solution of sodium hydroxide to partial ly remove polylmlde in the surface fayerby decomposition 
to expose the particle surfaces. 

45 

'' Example 11 

Using a dry particle epreede* electroconductive Ni particles having Insulating coating were spread over the 
potyisobutytene applied side of a PET film through a $0 urn-mesh screen. A polyamic acid solution was coated on the 

so particle spread side of the film and, after drying, the coated side of the film was peeled from the potylsobiitylene side 
and heat treated for tmtdoalion. This film was approximately 25 pm thick at the potyimide portion On the polyamic acid 
solution coated side of the film, the particle surface was covered with a thin film of potyimide, so that the film was 
immersed In an aqueous solution of sodium hydroxide to pamatfy remove potyimide by decomposition to expose the 
particle surface. For evaluation of electrical properties of die obtained specimen, the specimen was placed between 

ss evaluation circuits, retained under a p ressed (1 0 kg/cm 2 ) and heated (1 50'C) condition for 30 seconds and then cooled 
to room temperature under pressure. Observation of the circuit surface after evaluation confirmed no attachment f the 
insulating coating layer. 
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Example 12 

Using s dry pallida spreader, etectroeenducthre Nl pallidas ware spread over the pofylsobutytene applied side ol 
a PET f3m through a 50 pnvmash screen. A pdyarmc acid s lution was coated an Ih partide spread side of the film, 
and after drying, the coated side ol the film was peeled tram the poJybesutyterte side and heat tr aled for tmJdfcatJ a 
This turn was approximately 25 pm thick ai the pdyimide portion. On the potyamte add solution coated side of the Aim. 
the pallida surface was covered with a thin film d pofysnloe, eo that the Rim was Immersed in an aqueous solution of 
sodium hydroxide to partially remove polybiudo by decomposition to expose the partide surface. Then Otis specimen 
was immersed In methanol to dissolve away the insulating coating layer on the particles exposed on the surface. Eval- 
uation of electrical properties of the obtained specimen was made by placing the ep adman between evaluation drculta 
and applying pressure (10 kflfcm 2 ) thereto. 

Example 13 

Using a dry pa/tide spreader, electroconductive plastic partides having an average size of 40 um were spread over 
the siDoone-based sticking material appOad side of a. PET fare through a 50 pm-mesh screen. A heat-curable epoxy 
resin solution was coated on the panlde spread side of the film and dried This film was approximately 25 pm thick at 
the film-forming resin portion having no electroconductive plastic particles. On the fi in-forming resin applied side of the 
fHmfthe particle surface was covered with a thin film of film-forming resin, so that the film was immersed in toluene and 
wiped several times with a n on woven fabric. Since the eledroconductrve plastic particles were protuberant from the film 
surface, the thin fBm of film-forming resin could be easily removed. Then the film-forming resin side of the film was peeled 
from the slicking side to prepare a specimen for evaluation. Evaluation of electrical properties was made twice by placing 
the specimen between evaluation circuits and applying pressure (10 kg/cm 2 ) thereto and by retaining the specimen 
under a pressed (10 kg/cm 2 ) and heated (17*C) condition for 30 seconds to bond the circuits with the specimen end 
than cooling to room temperature under normal pressure. Alter bonding, electroconductive particles were compras- 
siorttfefomiedtoathicknessofa^ 
Ing, whereby the circuits were strongly bonded 

Example 14 

Using a dry particle spreader, elsctroeonductrVe plastic partides having an average size of 40 pm were spread over 
the sfficone-based sticking material applied side of a PETffen through a 60 pm-mash screen. An urathane acrytate 
oligomer solution was coated on the partide spread side of the film and, after drying, irradiated with ultraviolet light to 
curemefilm-formlng resin. This film was Immersed in propanol to dissolve away the uncured urethane ecrytate oligomer, 
end after drying, the film was separated along the Interface between the film-forming resin layer end the silicone sticking 
layer. 

Example 15 

Using a dry particle spreader, electroconductive plastic partdee having an average size of 40 um were spread over 
the silicone sticking malarial applied side of a PET film through a 50 pm-mesh screen. There were many parts where 
the spread particles were agglomereted in groups of about 3 to 10 end stratified. A PET cover film was placed on the 
particle spread side of the film and pressed between rubber rolls under pressure of 1 kg/cm 2 . Then the cover film was 
removed and the spread condition of electroconductive partides was observed EtBCtroconducuVe partides were found 
pressed into the sticWng layer to form substantially a single layer of partides. An urethane acrytate oligomer solution 
was coated en the partide spread side of the film and. after dryhg, Irradiated with uttiaviotet light to cure the fflrrrformlng 
resin. This film was immsrsed In tsopropano) to dissolve away the uncured urethane acrytate oligomer, and after drying, 
separated along the Interlace between the filrrvlorming resin layer and the silicone sticking layer. 

Example 16 

Using a dry particle spreader, electroconductive plastic partides having an average size of 40 pm were spread over 
the silicone sticking material applied eide of a PET fifrn through a SO pnvmesh screen. A 25 pm PET cover film was 
placed on the partide spread elds ol the film and pressed between rubber rolls under pressure of 5 kg/cm 2 . Then the 
cover tBm was removed and the spread condition of electroconductive parcel es was observed Etectroconductive par- 
teles were found buried to a depth of about 5 pm on the average in the sticking layer, forming substantially a single 
layer of partctaa. An urathane ecrytate oDgomer solution was coated on the parUde spread side I the fUm. end after 
drying, ultraviolet Dght was applied to cur the film-forming resin. This film was immersed in isopropanol t dissolve 
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away the uncured uretnane acrytate (rgomerand, altar drying, separated along the interface between th e fflnMorming 
r tin layer and the silicone sticking layer. 

Example 17 

s 

Using a dry particle spreader, elactroecnductVe plastic particles having an average s tze of 40 \im we re spread over 
the sBoone-based eucktig material applied 6 Ida of a PET film through a 50 unvmesh screen. An urelhane aery late 
oligomer solution was coated on the particle spread side of the film and, after drying, Irradiated with electron rays via 
the substrate fdm to cure the film-forming rash. This film was Immersed tn bopropanol to dlssorve away the uncured 
io uretnane acrytate oligomer and, altar drying, separated from the PET film 

Example 18 

Using a dry particle spreader, elactrooonduetlve plastic psrtletaa having an average size of 40 pm ware spread over 
is the sIHoon Biased sticking materia) applied ekJe of a PET firn through a 60 urrwnesh ecreea An uretnane aery late 
oligomer solution was coaled on the particle spread side of the film and* after drying, exposed to ultraviolet light to cure 
the flnvfomttng resin. This film was immersed tn bopropanoJ to dUsotra away the uncured urathane acrytate ollgomar 
and, after drying, eaparatad along the Mart ace between the fitm-f ormlng resin tayer and the silicone sticking layer. For 
evaluating electrical properties ol the obtained specimen, it was disposed between evaluation circuits, held under a 
so pressed and heated concfition tor 90 seconds and then cooled to room temperature under pressure. Observation of the 
circuit surface after evaluation showed no attachment of the Insulating coating layer. 

Example 19 

25 Using a dry particle spreader, electroconducttVe plastic particles having an average size of 40 ware spread over 
the sifioone-based sticking material applied side of a PET film through a 60 urrwnesh screen. An uretnane acrytate 
dlgorner solution was coaled on the parade spread side ot the film and, after drying, Irradiated with ultraviolet tight to 
cure the film -forming ressx This film was Immersed In IsopropanoJ to dlaeoVa away the uncured urathane acrytate 
ctomar and, attar dry in g, separated along the interface between the fflm^orming resin layer and toe elGoono sucking 

so layer. Then this specimen was immersed in methanol to dssorve away the insulating coatfngof Wpa/Uaes expos ed~~ 
on the surface. 

Example 20 

ss tislng e dry particle spreader, ebctfoconducuve plastic panicles having an average size of 40 pm ware spread over 
the sittcone-based sticking materia) applied side of a PET film through an 60 jim-mash ecreea A 50 urn-mash and 85 
jifltpitch mask was attached tightly on the sticking side of the film and etecboconductto particles were arranged in a 
grid pattern. An urelhane acrytate oligomer solution containing a photo-curing agent was coated on the particle spread 
side of the film and, after drying, exposed to ultraviolet light to cure the fltm-forrning resin. This fllm was Immersed h 

40 isopropanol to dlssorve away the uncured urathane acrytate oligomer and, after drying, separated along the interface 
between the film-forming resin layer and the silicone sticking layer. As the substrates to be connected, there were used 
glass substrates having 2 mm long Au-ptatad electrodes with a line width d 50 urn. a pitch of 100 urn, a height of about 
0.6 urn and a maximum difference In height between the adjoining electrodes of about 0.3 um with an overall electrode 
width of 60 mm. These substrates were position so that their respective electrodes opposed to each other, then the 

46 obtained enlsotropicalJy elactrcconducuve rasin film was disposed between the electrodes, the electrodes were pressed 
• against each other under pressure ot 10 kg/cm 2 , and under this state, connection resistance between a pair of glass 
substrates was measured by applying an electric current d 1 mA. 

Example 21 

so 

In Example 20, one d the glass substrates was replaced by a printed substrate having a solder resist layer which 
was approximately 2 um higher on the average than the electrode surface level. Electrodes were Cu electrodes having 
e height of 1 Bum. 

« Example 22 

In Example 20. Au-ptatad spongy polystyrene particles having pores d approximately 0.01 um were used as etee- 
troc nducuVe particles. 
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Example 23 

In Example 20. as eJect/occnductive partldes, there were used plastic partfdes havtng an average else of 40 jim 
which have been Au plated tn a plating eolution having dispersed ther in (ins sIQca particles having a primary particle 
see of 0.04 um so thai the surfaces cl elactroccndudfoe partidee and th surfaces ol fine stliea particles d posted 
thereon would be covered by Au plating. Also, glass substrates ware replaced by Al electrodes having a height ol about 
0.7 um 

Example 24 

In Example 20, as etectroconductrva partidee. there ware used plastic partidas having an average ctee of 40 |im 
which have been Au plated tn a plating solution having dispersed therein fine N) partldes having a primary particle size 
of stun so that th a surfaces of etectroconducuVe particles and the surfaces of fine Ni pa/tides Ho fmi tBd thereon would 
be covered by Au plating. Also, one of (ha glass substrates used In Example 20 was replaced by a printed substrate 
havongaeolder resist layer posffionedapproximaiary 2umh^ Electrodes 
were Cu electrodes having a height of IB pm 

Example 25 

The arusotropicaDy electroconductive resin film obtained in Example 20 was cured and attached to one of tie glass 
substrates with an epaxy adhesive under pressure, then pressed against the other glass substrate and maintained h 
thlsstate. 

Example 25 

An epaxy adhesive was eppGsdto both sides of the anlsotropicalry electroconductive rasin film obtained in Example 
20, end this adhesive film was held and cured between glass substrates under pressure to bond and foe both glass 
substrates. 

Comparative Example 1 % 

As shown In FIG. 2A, dectroconductlve plastic parities having en average size of 10 pm ware dispersed tn a 
heat-curable epaxy resin solution In an amount of 30 vor%. and this dispersion was cast coated on a Teflon film by an 
applicator and dried. In the obtained film, there were many agglomerates of electroconductive part idee and the surface 
unevanness was large, the average film thickness behg about 25 pn\ 

Comparative Example 2 
« 

As shown In Fig. 2C, NI partldes were dispersed in a OMF eolution of pofyamfc acid In an amount of 30 vot% and 
the dispersion was cast coaled on a PET film by an applicator, immediately attar casting, sedimentation of electrocon- 
ductive partides took place as shown in FIG. 20. After drying, the coating was separated from the PET fibn and heat 
treated for Imidfeation. In <hb film, as shown In FIG, 2E, there ware many agglomerates of electroconductive partidee 
and the surface unevennass was targe, the average film thldmoss being about 70 um Since the particle surface was 
not exposed on both sides of the film, this film was immersed ei an aqueous solution of sodium hydroxide to partially 
dissofve away me poVimide surtaco to reduce 

cl etectrocortductive partfclea to thereby expose the partide surface. Since the better part of eledroeontfucllve partldes 
nine film exoted on tnePET film ^ 

on one side ol the film and immersed in an aqueous eolution of sodium hydroxide, with the potytmJde ^composition 
rate on each side being adjusted by immersion time. These steps are illustrated in FIGS. 2F and 2a In mis case, the 
poytmtde composition rate was adjusted by Immersion time, but the film thickness of the pofylmkfe portbn between NI 
particles waiter ed widely and the film strength reduced excessively. There are also the parts where no N I part fete surface 
was exposed. It was tried to reduce the coating thickness to decrease the amount of petyvnide to be removed, but the 
particles agglomerated between the applicator and the PET fBm during coating to produce many ribs, making A unable 
to obtain a desired film. Evaluation of electrical properties of the obtained specimen shown tn FIG. 2H was mads by 
sandwiching me specimen between evaluation circuits and applying pressure (10 kg/cm 2 ) thereto as shown in RG. 2J. 
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C reparative Example 3 

Elsctroconductfva plastic paitidaa havtng an average aba of 40 pm'wam dispersed In an MEK solution d ursthane 
acrytils olipomar en an amount of 1 0 vcf%, andthk diepareton was cast coated on a50 urn thick PETfilmby an applicator. 
Immediately after casting, eecOmanlatlon f lectrcccnductrve partld a took place. After drying, uflravl tot fight was 
applied from both sides of ma film h the usual way to cure the fihvf ormbig rash. The film was Immersed tn the solvanta 
such as IfioprapanoJ, MEK and toluene, but the cured ursthane aoytote oligomer could not ba diaeohred away and the 
particle* remained unexposed as shown fn RGL Zl After drying, PET film was removed. Eiectrteal properties of the 
obtained specimen were evaluated by placing the specimen between evaluation circuits and applying pressure (10 
kgfcm*) thereto. 

Comparative Example 4 

In Example 20, Nl particles havtng an average siza of 40 u/n were used as etecuoconductlve parttdas. 
Comparative Example 6 



In Example 20, M particles havtng an average size of 40 urn were used as tfectrocaiductive partictas and one of 
the glass substrates was replaced by a printed substrate having a solder resist layer positioned approximately 2 urn 
hijfwr on the average than the electrode surface. Electrodes were Cu electrodes havtng a height erf 18 um. 
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According to the present invention, as deserted above in detaa, there is provided an anisotroplcalry eJectreconduc* 
trve raslnfHm havtig excellent reserving performance as compared with the conventional ones and connection ol circuits 
with high degree of fineness is made possible. 



Claims 



30 1. A process for producing an aji££tropicaQy etectrocoraiucUve resin ffim for use in electrical connection of opposing 
electrodes, which comprises the steps of 

adhering eleetroeonductlve paitldes to an adhering layer formed on 8 support and fixing the particles thereon, 

and 

Introducing a flm-fonrting resin, which is Incompatible with the adhering layer material, between the electro* 
ss conductive particles, 

the resulting eledroeonductive resin ffim, In use, being electroeonducuVe only in the film thickness direction 
via the electrooonducuVe particles in the plane direction. 

2. A process according to Claim 1 , wherein tho eleetroeonductlve particles ere uniformly dispersed In the plane dlrec- 
Uon. 

a. A process according to Claim 1 or 2, wherein the eiecirooonductfvs particles are dbpereed at different concentrations 
in the film thickness direction. 

*s 4. A process according to any one of the preceding Claims, wherein the eleetroeonductlve particles have a standard 
deviation of particle size distribution of 1 0% or less of average particle size. 

6. A process according to any one of the preceding Claims, wherein the eleetroeonductlve particles are plastic particles 
covered with a metal film. 

so 

6, A process according to Claim 5, wherein the metal is Au or Pt as a man component 

7. A process according to any one of Claims 1 to 4, wherein the eleetroeonductlve particles are plastic p articles having 
surface pores, or interconnected pores between each surface and its Interior, some or all of said pores being covered 

&S with e metal or filled with e metal. 

a A process according to any one of Claims 1 to 4. wherein the eled reconduct tve particles have raised areas on their 
surfaces. 
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a A process according to Ctaon a, wherein raised areas are obtained by applying partdes f efltca, gbss, rhfi having 
a particle size 1 1/10 or lass compared with thai of the eiactioeenrfuctive particles to surfaces of th etectrocon- 
ductrve particles, f Oowsd by coating wtth an etaclnxonductto film, 

1a A process according I any one of (ha preceding Claims, wherein the fttnvf rmtng resin b an insulating adhesive. 

. 11. 4 process escorting to any one of the precetfng Claims, wherein the adhering layer and the support are traraparem 
or translucent and the film-forming resin is a photocurabto resin, and, after the fflnvformjng resin is introduced. 8 
Is cured by exposure to light from the adhering layer side. 

12. A process according to Claim 11, wherein the light is an electron beam. 

19. A process according to any one of the preceding Claims, wherein, In the resulting electroconductrVe resin film, the 
eiectroconductrVe particles are exposed at the surfaces d a fDm4ormlng resin layer. 

14. A process according to Claim 1 3, wherein the eleciroconduclto particles are covered with an electrically Insulating 
layer and subsequently exposed at the surfaces of a fHntf orming resin layer by removal d electrically Insulating 
layer material 

15. A process according to any one of Claims 1 to 12, wherein the etectroconducuve particle layer ts covered by an 
electrically insulating layer, the Insulating material layer being removable by heating or pressure, 

16. A process according to any one of the preceding Claims, wherein a film or a net having holes therein is provided 
over the adhering layer end the etectroconducbVe particles are adhered end fbred on the adhering layer through 
thehdea. 

17. A process according to Claim 16, wherein the 6lm or net has a cross striped pattern or a cross stitched pattern. 

1& A process according to Claim 16 or 17, where* the elactrooonductrVe particles arid the fOm or net having holes 
there* are electrostatically charged with different electric charges and the efecuoeonductive particle layer b formed 
by attraction of the electroeonductrve particles to the adhering layer by electrostatic force. 

16. A process according to any one of Claims 1 to 17, wherein the elecuoconductive particles and the adhering fayer 
material are electrostatically charged with different electric charges and the etectrooonducuve partJde layer is formed 
by attraction of the etectraoonducthre particles to the adhering layer by electrostatic force. 

2a A process scconfng to any one of the preceding Claims, wherein the adhering of the electrooonducuVo panJcfee le 
carried out by forming a layer of alactroconducuve pa/tides on the adhering layer, the lay ar being thicker than the 
particle sire of the aladroconducbve particles, and pressing the etecboconduetfve particles layer hto the adhering 
layer to a depth of a half or less of the partlcls she of the etectroconducuve particles. 

21 . A process according to any one of the preceding Claims, wherein the thickness of the fSnvlonming resin Is substan- 
tially the same as a space formed between opposing circuits which ere to be contacted for Indexing electrodes. 

22. A process tor electrically connecting circuits, which comprises 

placing an anlsolroplcaOy etectrooonducuve resin film material obtained by the process claimed In eny one of 
the preceding Claims between opposing circuits, and 

subjecting the assembly to pressure or heat and pressure. 

22. A process according to Claim 22, wherein there Is used rash film obtained by ths process clafrned In Claim 3 and 
the resin film material is heated from a smaller concentration side d etectroconducuve particles, end then healed 
under pressure. 

24. An electrode connected structure obtained by placing opposing electrodes of a ptumQry of electronic parts on sub- 
stantially the same plane, sandwiching an anisot/optcafly electrcoonducuVe resin film materiel obtain ed by the proc- 
ess claimed in any one of Clams 1 to 21 between the tactrodes, and pressing or heating under pressure to provide 
ledrical connection. 

« 
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25. A strvctur according t Claim 24, wherein &w anis tropically electroccmductrVo resin tarn ma! rial contains eta* 
tioconductrve particles positioned so as to meet the positions of electrode* < 



« 

26. A structure according to Ctaim 24 or 25. wher h ha lectrodes are formed on opposing substrates, one r both ot 
s the substrates being made ol a highly static material selected from glass and ceramic. 

27. A structure according to Claim 24 or 25, wherein the electrodes are formed on opposing substrata*, and electrodes 
formed on one of both of the substrates are lower than the substrate surface level. 

io 26. A structure according to Ctebn 24 or 26. wherein the electrodes are formed on opposing substratae, and eteotrodaa 
formed on one or both substrate are thin film electrodes produced by plating, vacuum 



28. A structure according to Claim 24 or 25, wherein the electrodes are formed on opposing substrates, end at least 
one of the substrate and the anbotrcplcally etoctroconducuVe rash fflm material b fixed by means of aandwtchhg 
or adhesion, 

30, A structure according to any one of Ctalma 24 to 29. wherein the dtterenee In height d neighbouring electrodes on 
a substrate is 10 urn or leas, and the eJectroccnductrVe partidea have an average particle size of 10 |im or lesa 

91. A structure according to any one of Claims 24 to 30, wherein the electronic parts comprise a liquid crystal display, 
a bare chip Integrated circuit, a tape automated bonding integrated ctrcui, or a printed wiring board 

32. Using the structure of any one of Claims 24 to 31 for testing display of a Squid crystal display, operation of an element 
constituting the liquid crystal display, a bare ctyp Integrated draft, operation of a tape automated bonding Integrated 
circuit, or electrical conductivity of a printed wiring board. 
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FIG.1A 



FIG.1B 



FIG.1C 



FIG.1D 



FIG.1E 



FIG.1F 



FIG.1G 
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FIG.1I 



FIG.1J 



FIG.1K 
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FIG.1L 
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FIG.2A 
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FIG.2B 
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FIG.3A 
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FIG.3D 
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FIG.3E 
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